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ABSTRACT
The thesis presents results of a study of over 900 
square miles of country round the southern end of Lake Malawi, 
the geology of which was previously unknown.
The complex structure of the Basement series of 
crystalline rocks which are exposed on either flank of the 
Rift results from two episodes of deformation producing 
superimposed sets of folds with NIW-SSE and WE-SW trending 
axial planes.
These rocks, which are probably largely of sedimentary 
origin, show a comraon imprint of granulite facies metamorphism, 
but the widespread occurrence of disequilibrium textures and 
biotite in them shows them to have suffered retrogressive 
changes.
The retrograde changes are associated with a growth 
of microperthitic felspar, extreme development of which gives 
rise to palingenetic perthositic syenites and quartz- 
syeniteso These syenites are broadly syntectonic with the 
second deformationy an alkali metasomatism leading to 
syenitisation, reactivation and partial mobilisation of a 
pre-existing crystalline Basement is thus indicated.
The repeatedly folded polymetamorphic Basement rocks 
have been intruded, apparently under epeirogenic conditions, 
by later series of microcline-granites and alkali-syenites. 
Recent work on radiometric dating has shown that episodes of 
intrusion of microcline-granites occurred in the region of 
the Malawi Rift in the Lower Silurian and the Middle Permian, 
and of alkali-syenites in the Lower Cretaceous, and 
correlation of the Fort Johnston intrusions with these 
events is suggested. An account of the minor intrusions of 
the area is also included.
The marked structural asymmetry of this part of the 
Rift is demonstrated, and the Rift faulting and its relation 
with the pre-existing structures is examined and discussed.
A description of the physiography of the area is given 
which includes the south-eastern extremity of the Lake, its 
basin, its shorelines, and its only outlet, which lies within 
the area mapped.
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I. INTRODUCTION.
1) Area studied
a) Limits of area.
This thesis sets out and discusses the results of a 
geological study of an area in south-east Africa, part of 
the territory of the State of Malawi. The area concerned 
straddles the south-east arm of Lake Malawi, and is 1216 
square miles in extent. Of this 931 square miles is actual 
land area while the remaining 2S5 square miles is occupied 
by the waters of Lake Malawi.
The area is bounded to the north and south respec­
tively by the 14®.00' and 14®.30' parallels of latitude, and 
to the west by the 35®.00' meridian of longitude. The 
eastern boundary is political rather than geographical. It 
is an international one, chosen arbitrarily and embodied in 
the agreement signed in June 1891 between the Portuguese and 
British Governments by which the Territory of British 
Central Africa was created and defined. Subsequent changes 
in the status of British Central Africa, to the Nyasaland 
Protectorate in 1907, and to the independent State of Malawi
on July 6th 1964, have not involved any changes in the 
borders of the country, so this eastern limit of the area
2o
is now represented by the boundary between Malawi and 
Mozambique (Portuguese East Africa). It is marked on the 
ground by a series of numbered beacons at intervals of 
between five and twenty miles apart and is defined as being 
the direct line across country between successive beacons,
b) Regional setting and general geography
i) Malawi, the country and the Lake.
Malawi consists of a narrow strip of land and water 
some 560 miles in length, and from 50 to 100 miles wide, 
extending from near latitudes 10® S to 17° S. Its elongated 
shape is a reflection of the predominant geological feature 
of the region, the trough like depression which traverses 
the country from north to south.
This depression marks the southernmost extremity of 
the great Rift Valley which traverses the eastern part of 
the continent of Africa, and Lake Malawi is the southernmost 
of the great chain of lakes that lie along that Rift Valley. 
It is 11,430 square miles in extent, and the third largest 
lake in Africa, the seventh largest in the world. Its mean 
surface level is generally taken as being at 1550 feet above 
sea level, although shallow at its southern end, at its 
northern end it is known to be over 2,300 feet deep (i.e.
3,
the bottom is some 750 feet below sea level). The variation 
of the surface level, over 21 feet between extremes in the 
70 years of recorded observations, and the general 
inaccessibility of its coastline have combined to prevent 
the installation of ports with permanent berthing facilities, 
the lack of which has tended to restrict the use of the Lake 
as a means of transport and communications in the modern 
sense. There are however three vessels operated by the 
Railway Company (the largest of which is the ’Ilala II',
620 tons displacement) which transport goods and passengers 
to settlements round the Lake shore.
Although Lake Malawi has many affluents the total 
catchment of which amounts to some 37,400 square miles, flow 
from its sole outlet located at its southern end ceased 
during the years 1915 to 1937. During this time, because 
of the formation of a natural barrier at the outlet, the 
Lake level rose steadily, but after this barrier was topped 
it dropped again. In an attempt to gain some measure of 
control over the future level of the Lake, and as a preli­
minary to the construction of a hydro-electric scheme, a 
barrier with controllable sluice gates has been constructed
on the Shire at Liwonde, 50 miles downstream from the 
southern end of the Lake. The natural gradient of the Shire
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from its source in Lake Malawi to Liwonde and 62 miles 
beyond to Matope, where the first of a series of rapids 
occurs is negligible. In this part of its course the river 
is known as the Upper Shire. From Matope, in the part of 
its course known as the Middle Shire, the river descends in 
an almost continuous succession of rapids, dropping over 
1200 feet in a distance of 50 miles. At the foot of these 
rapids at an altitude of less than 200 feet above sea level, 
the waters of Lake Malawi are again confined within a trough 
of the Rift Valley and meander along the mature and marshy 
course of the Shire typical of the Lower River area until 
they eventually join the Zambesi near Chindio in Mozambique.
Malawi's only rail communication with the outside
world is via a 3 feet 6 inch gauge railway to the ocean port
of Beira in Mozambique. The railhead is at Salima near the
Lake shore, while the Lake port for the transhipment of goods
and passengers is at Chipoka. The distance from Chipoka to
Beira is 496 miles. Malawi’s main trunk road links with her
neighbours are to Salisbury, Rhodesia, via a ferry across
the Zambesi at Tete in Mozambique? to Lusaka, Zambia, via
the border town of Fort Jameson, and to Tanzania via the
border town of Mbeya. Air links are through the principal 
airports of Blantyre (Chileka) in the south of the country
and Lilongwe in the centre.
Zomba, in the Shire Highlands south of Lake Malawi, 
is the administrative capital of the country, but the present 
Government plans a move within the next decade to Lilongwe 
in the highlands to the west of the Lake. Blantyre/Limbe,
42 miles to the south of Zomba is the principal commercial 
centre of the country.
Malawi is predominantly an agricultural country with 
the majority of the population (about 3 million) engaged in 
an economy which is mainly concerned with producing food 
for domestic needs, but also some cash crops for export.
These cash crops in order of importance are: tea, tobacco,
groundnuts and cotton. There is also a thriving fishing 
industry on Lake Malawi, but this is developed only to meet 
the needs of home consumption.
There is no mineral industry in the country at 
present? although in the past small quantities of mica, 
gold, corundum and kyanite have been exported, mineral 
production has never made a significant contribution to the 
economic development of the country.
ii) The area round the south-east end of the Lake.
Lake Malawi bifurcates at its southern end to form
6 .
what are known respectively as the south-west and s'outh-east 
arms of the Lake. The south-west arm terminates in the 
marshes and shallows of the Bwanje Valley, a completely 
silted-up prolongation of the main Rift, while the south-east 
arm terminated' in the Shire River outlet. It is with the 
country round the south-east arm and extending for some 
twenty miles on either side of it that this thesis is con­
cerned. The Shire River outlet also lies just within the 
area under consideration, but Lake Palombe, an enlargement 
of the Shire approximately 100 square miles in extent 6 miles 
to the south of Lake Malawi lies just outside it.
The area lies entirely within the District of Fort 
Johnston, with the tovm of that name, on the right bank of 
the River Shire half a mile below the outlet of Lake Malawi 
as its adîiiinistrative centre. Fort Johnston was founded in 
1391 as a fortified military encampment, and was originally 
situated on the east bank of the Shire opposite where the 
town now stands. It was named after Sir Harry Johnston 
(1858-1927) who was at that time chief Administrator of the 
Territory. Fort Johnston has remained as the officially 
recognised name up to the time of writing, though local 
people usually refer to the town as Chigawi. It is today a
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settlement which, in addition to the District Administra­
tion headquarters, has Post Office, Police and hospital 
facilities, a number of trading stores, petrol filling 
stations, a market and vehicle repair workshops„ A free 
ferry service across the Shire, hand operated for many years, 
but motorised in 1964 links the town with the country to the 
east.
Communications within the area are generally very 
poory except within Fort Johnston itself there are no 
tarred roads, and there are only three all-weather roads 
within the District.
These radiate north, south and east respectively 
from Fort Johnston. That to the south connects the town 
with %omba, 80 miles distant, while that to the north runs 
close to the western shore of the Lake as far as Monkey Bay 
near the tip of the peninsula between the south-east and 
south-west arms of the Lake. Monkey Bay, which is 45 miles 
from Fort Johnston is of importance as a harbour and the 
location of workshops and installations for the maintenance 
and repair of the Railways Lake transport service vessels 
for which it is the home port. The road leading east from 
Fort Johnston ascends by a rough and winding escarpment
3section to Namwera, 25 miles distant, and from there provides 
a route into the Niassa Province of Mozairibique, through 
customs posts at Chiponde on the Malawi side of the border 
and Mandimba on the Portuguese side. From Namwera a road 
also leads south to Zomba. Narnwera is a small trading centre 
with a sub-post office and a police post. District roads 
lead from it to the tobacco estates of the area and to the 
court of the local Chief, Katuli, 15 miles to the north.
Four miles east of Fort Johnston a branch from the Namwera 
road leads northwards for a distance of six miles to the 
Anglican Lake Shore mission station of Malindi. As far as 
Malindi it is an all weather road, but from there a track 
continues northwards along the plain of the eastern Lake 
Shore to Chief Makanjira's court, 53 miles distanty this 
is motorable only in the dry season.
The road leading west from Fort Johnston is passable 
in the dry season only. It leads to Chiripa, and from 
there has branches going to Balaka and Ncheu.
A single wire telegraph line carried on steel poles, 
built in 1897 to link Fort Johnston with points north along 
the Lake shore, and which was later extended into Tanzania 
via Karonga (Twynham 1953), crosses the centre of this
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area west of the Lake, It has been derelict for a nuinber 
of years, and about 1957 the Federal Post Office recovered 
the poles and wire along the first 13 miles of its length 
from Port Johnston, The route is clearly visible on the air 
photographs however, and also on the ground where the poles 
have not been removed. It therefore forms a convenient 
landmark in uninhabited bush country where paths and tracks 
are otherwise lacking,
Malawi as a whole is noted for its high density of 
population by African standards (73 per square mile), and 
in the Lake shore areas this population density reaches 
its maximum. Round the south-east arm of Lake Malawi the 
villages form an almost continuous belt of settlement. 
Inhabitants of the eastern shore are largely of the Yao 
tribe, strongly Mohammedan in tradition and outlook, and 
distrustful of strangers. Those of the western.shore are 
either Yao or Nyanja, or of mixed origin. Although the 
Mohammedan influence is not so strong there as on the 
eastern shore, strangers are still regarded somewhat 
suspiciously.
Fishing is a village industry of the Lake shore 
people, operated by primitive methods from dug-out canoes.
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but it occupies only part of the male population only inter­
mittently. The main occupation is agriculture, but the 
soils of the lacustrine alluvial flats are generally rather 
poor and sandy, and the population lives largely at sub­
sistence level.
On the higher ground to the east and west of the 
south-east arm of the Lake the population is concentrated 
mainly in the south along the main access roads, and also 
in the highlands round Namwera. There is also a belt of 
settlement along the international boundary on the Malawi 
side. The agricultural potential of the higher ground is 
greater than that of the Lake Shore areas, and the 
inhabitants have a more advanced outlook and greater 
prosperity; their standard of living is still very low 
however. This is typically an underdeveloped part of Africa 
to which an industrial enterprise, such as the development 
of a mineral industry, could bring great benefits.
Although the Lake shore and parts of the higher 
ground flanking the Lake are well populated, the greater 
part of the country which forms the subject of this thesis 
is completely uninhabited.
Including most of the slopes forming the main Rift
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escarpment to the east of the Lake, together with mü'ch of 
the Lake Shore plain and the high plateau overlooking the 
Lake, lies the vast tract of territory known as the 
Namizimu Forest Reserve. Settlement within this area was 
prohibited by a Government Order of 1924. It is also a 
non-shooting area, and is notable for the herds of elephant 
and other wild life it supports. Although uninhabited it 
is crossed by a number of footpaths which link the Lake 
Shore villages with the interior, these are very tortuous 
and steep where they traverse the main Rift escarpment and 
are quite unsuitable for wheeled traffic of any kind. Herds 
of elephant have also opened up well defined tracks through 
the Forest Reserve which are in places clearly visible on 
the air photographs.
The tract of country lying to the west of the Lake
is also largely devoid of human habitation. The reason for
this would appear to be lack of perennial surface water
supplies, restricted occurrence of good agricultural soils
and lack of communicatioixS. The area is far from waterless
however, and considerable areas of good soils do occur,
though patchily, so that there is little doubt that is is
capable of supporting a fair population. There is no legal 
restriction on settlement in this case so there is little,
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except possibly the existing wild life, to stop people 
moving in there, as they doubtlessly will do in the future.
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2) Previous investigations
a) Geographical exploration
Although the existence of the great chain of lakes 
which lie along the African Rift Valley has been known to 
the outside world for a thousand years or more, one of the 
earliest known written references to Lake Malawi is given 
on a map of Portuguese origin dated 1546.
From this date onwards for more than three hundred 
years the existence of a great lake lying within the general 
area of the African hinterland north-west of Madagascar was 
mentioned in the writings of various Portuguese explorers 
and adventurers, including among others Godinho (in 1663), 
Lacerda (in 1798), and Garnito (in 1831). In these writings 
there was hov/ever always confusion and doubt about the exact 
form, size and location of the lake, so that some of these 
records may have in fact been concerned with Lake Tanganyika, 
or even other lakes lying within the Rift further north.
Recorded knowledge of the geography of Malawi remained 
thus until the middle of the nineteenth century when David 
Livingstone as 'British Consul of the Eastern Coast of Africa' 
led a government supported expedition to explore the valley
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of the Zarfibesi. The object of this expedition was to open 
up the part of central Africa which Livingstone had 
traversed on foot on his great west to east coast to coast 
journey of 1855-6, and the hope of its leader was to show 
that the Zambesi formed a navigable waterv7ay into the 
interior, providing an easy route by which this might be 
achieved. It was one of the great disappointments of the 
explorer's life that the Kebrabasa rapids, three hundred 
miles upstream from the mouth of the Zambesi, were found to 
be an impassable barrier to navigation.
As a result of this discovery Livingstone turned 
back to explore the first large tributary entering the 
Zambesi downstream from the Kebrabasa. Thus he initiated 
the first geographical exploration of the territory of 
Malawi. In January 1859 the expedition followed the Shire 
River upstream by steamship for some 130 miles when they 
again encountered impassable rapids. They then returned to 
the Zambesi but came up the Shire again in March 1859, 
landed and travelled north on foot to discover Lake Chilwa 
(an inland drainage basin south of Lake Nyasa). During this 
expedition they learned of another greater lake to the north, 
and after again returning to the Zambesi, in August 1859 they
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again sailed up the Shire to look for this. They left the 
ship on the 28th August and less than three weeks later 
their perseverance was rewarded, and in the words of the 
explorer (David and Charles Livingstone 1365 p.123)
‘We discovered Lake Nyassa a little before noon on the 
16th Septeimber 1859. Its southern end is 14® 25' S.Lat., 
and 35° 30' E. Long. At this point the valley is about 
12 miles wide. There are hills on both sides of the lake.'*
This was a brief visit, but on the 2nd September 1861 the 
expedition again returned to 'Lake Nyassa' after spending 
the intervening two years in an extensive exploration of 
the Zambesi Valley. On this occasion they brought with 
them a light four oared gig which was carried by hired 
labour past the forty miles of cataracts of the middle 
Shire river. From the 2nd September to the 27th October 
was spent in traversing the west coast of the Lake, and a 
vast amount of hitherto unrecorded geographical information 
collected.
Before the final withdrawal of the Zambesi expedition 
Livingstone once more, in September 1863, visited Lake Malawi
*
According to the latest maps it is 14° 25' 00" lat.,
35° 14' 15" long. Livingstone's measurement of latitude 
was therefore correct, that of longitude was only IB miles 
east of the position as now plotted.
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and added further to the knowledge of the area.
Livingstone was to see Lake Malawi once more in his 
life, for on his last journey into the interior in September
1866 he crossed the Shire River just south of the Lake outlet
The next explorer to visit the lake was Lieut. Young 
who was sent to investigate reports that Livingstone had 
been murdered. He entered the lake on the 6th September
1867 in a steel hulled ship (the Search). Inquiries made 
along the lake shore enabled him to prove that Livingstone 
had not in fact been murdered, but had journeyed to the west 
towards the Luangwa Valley.
Eight years later Young again returned to Malawi in 
charge of the Free Church of Scotland missionary expedition 
which established the Livingstonia Mission in the country 
and which brought the first steamship to sail on Lake Malawi. 
In this ship, the Ilala, in 1376 Young was the first 
geographer to completely circumnavigate the lake, and as a 
result he was able to modify in several important respects 
the map drawn up by Livingstone and his colleagues 
(Young 1877).
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b) Topographical survey and cartography
The first known map showing details of the south­
east arm of Lake Malawi was drawn by Livingstone himself. 
Although only a sketch map it is surprisingly accurate, and 
gives more place names than some of the later officially 
published maps. Part of the information shown on this map 
was incorporated in the general map of the Shire Zambesi 
area which was published at a scale of approximately one 
to throe million as a frontispiece to the official account 
of the 1853-64 Zambesi expedition published in 1865.
The first official detailed maps of the country to 
appear were the Hydrographic Charts of Lake Malawi, published 
by the Admiralty at a scale of Is 250,000 in 1900. These 
were based on a systematic hydrographic surv'ey carried out 
by Lieutenants Rhoades and Phillips in the years 1895-8.
The charts show the shoreline in detail, but the topography 
of the hinterland is only shown in bare outline sufficient 
to aid navigation on the Lake.
The military campaigns of 1390-95 against the local 
chiefs and slave traders, and the general opening-up of the 
country which followed the completion of these campaigns 
resulted in the implementation of the first systematic
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surveys of the country and the publication of the first set 
of maps covering the whole country. These were produced at 
a scale of Is 250,OOP by a heliozincograph process at the 
Ordnance Survey Office, from maps supplied by the Chief 
Surveyor, British Central Africa, and were published in 
1901 by the Intelligence Division of the War Office. That 
relating to the area covered by this thesis is Sheet 111-L 
(Mlangeni), IDWO No.1479. Form lines show only the very 
approximate details of the topography and the drainage is 
shown somewhat diagrammatically. Hill and stream names are 
few.
TABLE I
Topographic base-maps, 1:50,000 scale 
(1.267 inches to the mile)
1) Preliminary Plot Series
Compiled and drawn by the Directorate of Colonial 
Surveys from R.A.F. photography of 1948, 1951 and 1952. 
Photolithographed and printed by G.S.G.S., 1953
and 1954.
2) Federal Department of Trigonometrical, and Topographical 
Surveys of Rhodesia and Nyasaland Series.
Compiled and drawn from Fairey Air Surveys of Rhodesia 
Ltd. photography of 1957 and 1960. Surveyed 1960. 
Printed by the Government Printer, Salisbury, 1962
and 1963.
Preliminary Plot Series Federal Survey Series
South D - 36 (33/1) 1435 A1 Nlcope
R - I - m
South D - 36 (33/11) 1435 A2, B1 Mterera
R - I - NE
South D - 36 (33/III) 1435 A3 Palm Beach
R - I - SW
South D - 36 (33/lV) 1435 A4 Fort Johnston
R - I - SE
South D - 36
(34/III) 1435 B3 NamweraR - II - SE
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For over 50 years the 1% 250,000 series constituted 
the most detailed map cover available for the territory as 
a whole. At the end of the 1939-45 war however the British 
Government, by the setting-up of the Directorate of Colonial 
Surveys, undertook a share of responsibility in the mapping 
of its overseas territories and benefits to Malawi resulting 
from the new policy took the forra of the provision of the 
first air-photo cover for the country and the publication 
of a map series at a scale of 1:50,000 based on the air­
photo s . These maps were the result of a 'crash' programme 
of photogrammetry implemented to provide detailed cover for 
large areas of Africa and elsewhere in the shortest possible 
time. Since these maps were published as a temporary 
expedient to meet the immediate needs of developing 
territories, and were to be superseded later by maps of 
greater accuracy and detail, they were termed ' Prelirainary 
Plots'. They were issued in a series of Quarter Degree 
Sheets, photolithographed in black and white, showing all 
roads and tracks and all paths visible on the air photographs 
The drainage is shown in great detail, but the maps give 
little idea of the topography as they lack contours or even 
form-lines; only the very steep slopes are marked, and 
these are shown by shading. As the mapping was based on
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air-survey methods with little ground control, the maps are 
conspicuously lacking in names « Most of those that are 
given are taken from the old maps, and many of these are 
inaccurate, or have been incorrectly transferredc
Despite their many shortcomings the Preliminary Plots 
did however, together with the air photographs, sets of 
prints of which were made available at an approximate scale 
of Is 30,000, make a systematic geological mapping programme 
to cover the whole country a practical possibility for the 
first time» Such a programme, with the ultimate object of 
providing geological survey cover for a geological map 
series to be published at a scale of Is 100,000, was 
initiated by the Geological Survey with the appearance of 
the first of the new Preliminary Plots in 1950.
Quarter Degree Sheets for the area which forms the 
subject of this thesis were published in the years 1953-4. 
They are five in numbery details of their reference numbers 
(they lack titles) dates of compilation etc. are given in 
Table I, and a Sheet Index and cover diagram for the R.A.F. 
photography in Figure 3.
For the first part of the geological mapping on which 
this thesis is based (1958-9), Preliminary Plots were used
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as being the only map cover available at that time. The 
sheets used give only 28 locality names, and during the 
course of this geological work it was found possible to 
contribute to the cartographical record by adding many more 
names, and altering 3 of those already given which proved 
to be incorrect.
Following the formation of the Central African 
Federation of Rhodesia and Nyasaland in 1953, responsibility 
for the production of a more refined map series to succeed 
the Preliminary Plots passed from the Directorate of 
Colonial Surveys to the Federal Department of Trigonometrical 
and Topographical Surveys with headquarters in Salisbury, 
Rhodesia.
As a preliminary to the production of the new map 
series the Federal Survey Department initiated a programme 
for the provision of new air-photo cover for much of the 
Territory, that for the Lake Shore area being flown under 
contract by Fairey Air Surveys in 1957 and 1960. Federal 
Survey field parties working in the area in 1960 provided 
data for the compilation of these air photos and the 
resulting new series of Is 50,000 maps were published in 
1962-3. They are printed in five colours and are contoured
23.
at 50 foot intervals, and in these respects they represent 
a very great advance on the Directorate of Colonial Surveys 
Preliminary Plots. Place names are still rather sparse 
however, and some of those given perpetuate the errors of 
the old maps, while some new names appearing for the first 
time are unreliable, particularly with regard to spelling.
These Federal Survey Is 50,000 Quarter Degree Sheets 
were used for the later geological mapping (1962-64) on 
which this thesis is based. Details of the relevant sheets 
with the new notation adopted for them are given in Table I, 
together with the numbers of corresponding sheets of the 
Preliminary Plot series to which they are approximately 
equivalent. The Federal Surveys sheets include some 91 
locality neimes, but as a result of the fieldwork it was 
found necessary to amend. 1C of these, while a further 120 
names were added to the existing cartographical record.
In addition to the Is 50,000 series the Department of 
Federal Surveys published a series of coloured but 
uncontoured maps of the Federation at a scale of Is 250,000 
(3.94 miles to an inch). That relating to the Fort Johnston 
area (entitled Fort Johnston) is number S.D.-36-12 published 
in 1960.
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Sets of prints of the Fairey Air Surveys photo-cover 
of a high quality, a cover diagram for which is given in 
Figure 4, were made available at an approximate scale of 
Is 20,000 and were extensively used as an aid to the 
geological mapping of the area.
c) Geological reconnaissances
Although a geologist, Richard Thornton {1837-1862) 
was appointed to Livingstone's Zambesi expedition, he was 
at the time of the Lake Malawi explorations engaged on an 
expedition to Mount Kilimanjaro. The furthest that Thornton 
penetrated into Malawi was to the foot of the Shire rapids, 
where he died shortly before the withdrawal of the Zambesi 
expedition (Tabler, 1964).
It is therefore to Livingstone himself that we owe 
the first recorded observations on the Lake Malawi basin. 
These take the form of casual observations recorded in his 
diary.
One referring specifically to the area which is the 
subject of this thesis was made on his last journey into 
the interior, dated 3rd September 1866, and notes important 
featuress-
25
'The strike of large masses of foliated gneiss is 
parallel with the major axis of the Lake a»d all are tilted 
on edge. Some are a little inclined to the Lake as if 
dipping to it westwards, but others are as much inclined or 
twisted the opposite way.
'I observed two beaches above the Lake, one about 15 
feet above the present high water mark and the other about 
40 feet above that? but between the two the process of 
disintegration which results from the sudden cold and heat 
in these regions has gone on so much that seldom is a well 
rounded smoothed one to be seen? the lower beach is very 
well marked' (Waller, 1874 p.94).
Before leaving the Lalce for the last time he noted, 
on the 15th, that according to the local inhabitants there 
was a severe earthquake in the area the previous year (i.e. 
in 1865).
Apart from investigations of the coal of the Mount 
Waller area in the north of the territory dating from 1879, 
very little geological work seems to have been done in 
Malawi in the 25 years following these last observations of 
Livingstone.
However, as a result of traverses carried out along 
the length of the Malawi trough ^Stewart (1879), and Moore 
(1897), were able to describe and give their interpretation 
of its physiographic features, the latter coming to the 
rather surprising conclusion that except in the extreme 
north there is no evidence of great faults, so that as far
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as two-thirds of its length is concerned Lake Malawi does 
not lie within a Rift Valley.
At the beginning of the present century as the 
territory's coramunications with the outside world improved 
and trade developed mineral exploration became more a matter 
of general interest, and the need for a systematic geological 
investigation of the country's mineral resources more 
pressing. As a first step tov/ards this, in 1902, a number 
of geological specimens collected by local residents were 
examined by Professor Wyndham Dunstan at the Imperial 
Institute, London (Dunstan 1903)„ Dunstan was impressed 
'by the similarity of many of these minerals to those 
occurring in India' and so took advantage of the presence 
of T.H. Holland (later Sir Thomas Holland, Director of the 
Geological Survey of India) at the Institute to ask him to 
examine and report on the specimens. In his report Holland 
(1903) classified the specimens and confirmed the resemblance 
by stating that:
'the crystalline limestones resemble those which in 
Ceylon, India and Burma are associated with the charnockite 
series and form the home of many gemstones'.
and as far as the graphite schists were concerned, that these
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' resenible those which in Travancore and other parts 
of Peninsula India occur near the borders of the charnockitic 
series and crystalline limestones which form also the main 
masses in Ceylon'.
The fact that the foremost authority on the subject 
had noted charnockitic affinities in these rocks seems to 
have attracted little attention, and it was not for another 
50 years that rocks of this important series were recognised 
as occurring in Malawi (Holt, 1953, p.11). Other now 
familiar rocks of the schist and gneiss group of Malawi 
described for the first time by Holland were: garnetiferous
biotite-gneiss, garnetiferoum quartz-felapar-granulite, 
hornblende-gneiss, hornblende-biotite-gneiss and hornblende- 
pyroxene-gneisso (Although published only locally in 1903, 
DunStan's and Holland's findings were published in summary 
form as an anonymous report in the Bulletin of the Imperial 
Institute of the following year).
The first systematic investigation of the geology of 
Malawi as a whole was completed by A.R. Andrew and T.E.G. 
Bailey on behalf of the Imperial Institute in the years 
1906-1909. Andrew and Bailey carried out a general 
geological reconnaissance of the country, and more detailed 
investigations of specific mineral deposits of possible
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economic potential. They were little concerned with Fort 
Johnston District however and on the two brief occasions 
when they visited it they found nothing worthy of particular 
note (Dunstan 1903, p.3, 1911, p.5). As far as the area to 
the east of the Lake is concerned, this was the only part 
of the territory that these pioneer geologists did not 
penetrate? and of the geology of the Lake itself they 
admitted that their personal knowledge was confined to its 
western shores. In their published account of the geology 
of the country (Andrew and Bailey 1910) they do however give 
a short account of the Basement gneisses, syenites and 
granites which applies in part to those of Fort Johnston 
District, though the map published with the paper is mis­
leading because it shows only ‘granite, syenite etc., often 
much foliated' on both sides of the south-east arm of the 
Lake, with only a small patch of alluvium on the eastern 
shore, whereas this part of the Lake is now known to be 
flanked on both sides by extensive spreads of alluvium 
overlying a Basement in which paragneisses rather than ortho­
gneisses predominate.
Although the setting-up of a permanent Geological 
Survey in Malawi by F. Dixey in 1923 marked the commencement
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of a re-assessment of the geology and mineral resources of 
the country, it was not until 1936 that Fort Johnston 
District came in for any attention by the Department. In 
that year J.B. Alexander, assisted by J.A. Shearer, spent 
two months on reconnaissance traverses to the south-west 
and east of the Lake, (Alexander 1937). The following year 
they returned to the eastern part of the area, Alexander 
devoting a further two months to rapid reconnaissance 
traverses, while Shearer carried out detailed investigations 
of occurrences of alluvial gold and massive garnet dis­
covered the previous year. An account of the geology of the 
area and the results of the mineral investigations were 
published the following year (Alexander 1938).
Although Mangoche is the site of a military Fort, 
now derelict, which was continuously garrisoned from 1395 to 
1912 (Williams 1959), the geology of the mountain seems to 
have attracted little interest until 1952, in which year 
T.U. John of the London Nyasaland Mining Corporation carried 
out a rapid reconnaissance there. He noted that the massif 
is composed largely of syenite, and he collected samples of 
bauxitic material which proved on analysis to be of no 
commercial value (John - unpublished rep., 1952).
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In 1955 concentrations of radioactive minerals were 
discovered in beach sands at Cape Maclear (20 miles to the 
north of the area which forms the subject of this thesis) 
and because of the great commercial interest in uranium and 
thorium prevailing at the time this was immediately followed 
by active prospecting of the beach sands of the whole of the 
southern part of Lake Malawi. The work showed that not only 
the present-day beaches, but also many raised fossil beaches 
contained marked concentrations of magnetite, ilmenite and 
zircon as well as the radioactive monazite which had 
originally attracted attention.
Favourable estimates of available tonnages of monazite 
in fossil beaches at Lungu, Nlcope and Chikowa (near the 
western Lake Shore, and within the area studied in this 
thesis) by K.C. Branscombe of the United Kingdom Atomic 
Energy Authority (unpublished rep. 1956) led to an applica­
tion for an Exclusive Prospecting Licence over the area by 
Sir Anthony Morse, sponsored by Rhodesian Selection Trust 
Exploration. Investigation of the beach sands of the eastern 
Lake Shore by geologists of Rhodesia Chrome Mines, whose 
investigation was likewise successful in proving the 
existence of radioactive beach deposits and led to the
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granting of an Exclusive Prospecting Licence over 16 square 
miles of Lake Shore to that Company (McNaughton 1956). 
Shortly following these discoveries the market interest in 
all but the highest grade deposits of uranium and thorium 
diminished however, so that despite the fact that bulk 
samples of the radioactive sands were taken in 1957 and 
shipped overseas for ore dressing tests (McNaughton 1958), 
further prospecting and assessment of tonnages was much 
curtailed and had completely ceased by 1959 when the last of 
the exclusive licences expired.
These sporadic investigations of specific mineral 
deposits by Mining Company geologists added little to the 
basic knowledge of the area, so that even as late as 1958, 
by which time much of the southern part of Malawi had come 
in for repeated and detailed geological examination, the 
Fort Johnston area, partly because of its inaccessibility, 
and partly because of its apparent lack of economic minerals, 
remained comparitively isolated and unknown geologically.
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3) The present investigation
a) The basis
In 1958 and 1959 the area to the east of the south­
east arra of Lake Malawi was given priority in the programme 
of basic geological mapping then being carried out in order 
of published map sheets, working from the south of the 
country northwards. This mapping led to the publication of 
two short reports (Holt 1959, 1960) followed by a longer 
account including the first geological map of the area 
(Holt 1961).
At the end of 1962 the investigation was extended to 
include the area between Mangoche Mountain and the Fort 
Johnston-Namwera road as well as part of the mountain itself 
(Holt 1963), and in 1963 the mapping was further extended to 
include the area west of the Lake north of Fort Johnston and 
then the Namwera area (Holt 1965), thus completing the 
geological mapping for the whole of the 1;50,000 Quarter 
Degree Sheet 1435A and extending it eastwards to the inter­
national boundary thereby including Sheet 1435 B3.
The basis of the present investigation is therefore 
a routine survey by a geologist of the Geological Survey of
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Malawi carried out in an area the geology of which was only 
previously known from a few rapid reconnaissance traverses
i
carried out by another Government geologist 20 years earlier, 
and from a number of unrelated investigations of specific 
mineral deposits by Mining Company geologists.
b) Object
As far as the fieldwork is concerned the primary 
object of the work was to search for economic mineral 
deposits and to provide data for the compilation of a 
geological map for publication at a scale Is 100,000 together 
with a descriptive Bulletin.
The scope of the work was subsequently widened to 
include more detailed research into the petrology and to 
include as much of the history of the evolution of the Malawi 
Rift and of Lake Malawi as can be elucidated from a study of 
the area mapped, with the object of providing as complete a 
geological synthesis as possible from the evidence collected.
c) Method
Geological mapping of an area totalling almost 1,000 
square miles in extent was carried out using base maps at a
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scale of Is 50,000 (1.267 inches to the mile, uncontoured 
for the initial part of the investigation) and sets of air 
photographs at an approximate scale of Is 30,000 (R.A.F,) 
and Is 20,000 (Fairey Air Surveys) by a single survey party 
operating over a total period of 19 months.
Mapping was based on traverses made along straight 
lines cut through the bush, and along all roads, footpaths 
and forest tracks, the average distance between adjacent 
traverses being of the order of one to two miles. Selected 
stream sections were also traversed, and expeditions were 
made to the peaks of all the mountains and major hills of 
the area.
Preliminary petrological investigation of the 
material collected and air-photo interpretation was carried 
out in Malawi as a function of the Geological Survey up to 
the stage of the preparation of a report for the Depart­
mental Records on the eastern part of the area (Holt 1961) 
and a short note on the western part of the area for the 
Annual Report of the Department (Holt 1965).
The subsequent more detailed work carried out 
specifically for the preparation of this thesis and the 
Bulletin of the Malawi Geological Survey which is to follow
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it was carried out in the Geology Department of Imperial 
College from September 1964.
An airborne magnetometer and radiometric survey of 
part of southern Malawi was carried out in 1959 on behalf 
of the Government by African Surveys, Johannesburg, which 
extended into the western part of the area covered by this 
thesis, thereby providing data which has been used in the 
general interpretation of the area.
Concentration of mineral grains for optical and 
X-ray studies was effected initially by crushing and 
separating the -60 4-90 mesh material and treating this with 
a Frantz magnetic separator. For further separation where 
necessary heavy liquids and final hand sorting under a 
binocular microscope were resorted to.
Funds were made available by the Commissioner of 
Geological Survey of Malawi to cover the cost of the 
chemical analyses, which were carried out by W.H. Herdsman, 
of Glasgow.
The staining techniques adopted for potash felspars 
in thin section using sodium cobaltinitrite solution is that 
given by Dawson (1963) and for chip samples of limestone and 
dolomite using Alizarin Red S that of Mitchell (1956).
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d) Definitions
In this thesis the term Basement Complex is used in 
reference to the regional roass of metamorphic crystalline 
rocks, mainly gneisses and granulites, exposed on the flanks 
of the Malawi Rift, with no implication of any correlation 
with the Basement Complex or System exposed beyond the 
region of the Rift in any neighbouring territories.
For the hypersthene-bearing rocks occurring within 
the Basement Complex the nomenclature proposed by Quensel 
(1951) and Pichamuthu (1953) by which the term charnockite 
is used as & group name synonymous with the charnockite 
series as defined by Holland (1300) has been adopted. In 
addition, for rocks closely associated with those of the 
charnockite series and having a field appearance similar to 
charnockites, the descriptive tena charnockitic gneiss or 
granulite, as applied to similar rocks occurring in 
association with the charnockitic series of Ceylon (Cooray 
1960, 1962), has been adopted.
The term mesoperthite, although it has frequently 
been used in recent literature on the geology of Malawi, 
has not been explained there? only a reference to the 
original definition (Michot 1351) has been given. The term
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has found favour because it appropriately describes a type 
of alkali-felspar commonly seen in the Basement gneisses of 
the Territory, and it has been freely used in this thesis. 
Since it is not in very general use however, and the 
original reference is not readily accessible, and is in 
French, it is expedient to give an English version of the 
definition, which is:
'A complex crystal intermediate between antiperthite and 
microperthite in which plagioclase and potash felspar are 
associated in apparently equal amounts, and have a 
reciprocity of structure such that it cannot be ascertained 
which has been exsolved and which is the host. It is to 
this association that I have given the name mesoperthite' 
(Michot op.cit. p.270).
The terra rinq-structure is used in this thesis with 
reference to any geological feature which displays con­
tinuous or discontinuous circular or elliptical arrange­
ments of rock units discernible on air photographs. l/#iere 
it is known that such a feature consists of associations of 
different kinds of metamorphic and injected rocks the term 
ring-complex has been used in the same general sense. No 
implication that cauldron subsidence or ring dykes 
necessarily occur in association with any of these features 
is intended? the terms ring-structure and ring-complex are 
used purely in a descriptive and photogji,logical sense.
The recommendations of the international symposium 
on miqmatite nomenclature (Sorensen 1961) have been followed 
in reference to the metasomatic derivatives of the para­
gneisses of the Basement Complex, and with regard to general 
geological terms the Glossary of Geology and Related 
Sciences published by the Mierican Geological Institute (1957) 
and later (1960) supplement have been used.
e) Scope and layout of thesis
Although the Basement rocks of Malawi have been 
described and discussed in two recent unpublished theses 
(Morel 1960, Bloomfield 1963) in neither of these has any 
definite conclusion been reached regarding the relationship 
between the rocks of different metamorphic grades that are 
shown to be closely associated. In the present thesis this 
question, and that of the occurrence of superimposed folding, 
which is shown for the first time to be a feature of the 
Malawi Basement are given some prominence therefore.
Because the Fort Johnston area straddles a Rift which is 
founded on these early Basement structures the relation of 
the two is a fundamental problem of the area, and is the 
main theme of the final Chapter of the work.
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Following the general introduction of Chapter I, 
Chapter II deals with the three main sub-divisions of the 
Basement in turn, their textural and structural elements 
being considered in order of increasing scale. This follows 
the treatment adopted by Weiss (1957) in dealing with prob­
lems of structural analysis of the Basement of Kenya, with 
the difference that greater use has been made of an inter­
pretation of large-scale structures observed on air photo­
graphs using the techniques suggested by Ramsay (1952), and 
less use of those of the macroscopic scale, for which much 
less information is available than in the case of the Kenya 
mapping. In each case the consideration of structure is 
f o l l o w e d b y  a description and discussion of the 
petrology and petrogenesis of the group of rocks concerned.
A similar mode of treatment is adopted for the post- 
Basement intrusions in Chapter III.
In Chapter IV the ancient structures of the Basement 
rocks are considered in relation to the present-day 
physiographic form of the Rift, and of the Lake Malawi basin.
In details of presentation the writer has been 
guided by the Geological Society of London's 'Notes for 
Authors' (Wilcock 1965). Analytical data are given in the
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new standard order adopted by the Society, and names of 
publications given in the list of references are wherever 
possible abbreviated according to the Society’s list of 
periodicals (Paddick 1962).
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4) Regional geological setting.
a) Outline of general geology and structure
Approxiraately eighty per cent of the land surface 
of Malav/i is directly underlain by crystalline schists and 
gneisses. These lie on the western flank of a great belt 
of metaraorphic rocks showing an apparent general continuity 
of trend of foliation and banding, general consistency of 
lithology tectonic style and metaraorphic grade extending 
from northern Kenya to the Zambesi, which was termed by 
Holmes (1951) the Mozambique belt.
The greater part of the Basement Complex of Malawi 
is made up of gneisses and granulitic rocks in which the 
predominant type is a well-banded gneiss containing biotite 
or hornblende, or more commonly both, with oligoclase as 
the common felspar. Bands of marble, calc-silicate gneiss 
and diopside and garnet-gneiss are common within this 
series, while quartzofelspathic gneisses and quartzites are 
locally prominent. In central Malawi graphite and kyanite 
gneisses are found over a wide area, but are little in 
evidence in the north and south of the country.
In some areas pyroxene granulites predominate over
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hornblendic types, and within these areas suites of 
charnockitic rocks occur.
The foliation of the gneisses, the banding of the 
granulites and the trend of horizons of distinctive 
lithology within the Basement conform with the general trend 
of the Mozambique belt, and also run parallel with local 
trends of the Malawi Rift.
Zones of anorthositic gneiss and abundant thin bands 
of amphibolite in the Basement are thought to represent pre- 
metamorphic intrusions, while bodies of metapyroxenite and 
gabbro and abundant partly anatectic bodies of syenite, 
nepheline-syenite and quartz-syenite are thought to have 
been synkinematically emplaced (Bloomfield 1965A).
In the north-west of the country high grade gneisses, 
apparently part of the main Basement series, are overlain 
in one locality by a series of nearly 10,000 feet of largely 
arenaceous sediments of greenschist facies (the Mafingi 
system), and in another by a similar series of metasediments 
of generally higher, but variable metamorphic grade (the 
Misuku series). The age of these two formations is obscure, 
as is their relationship to one another. Their contact with 
the underlying higher grade Basement gneisses is at least
43.
partly faulted, but again the overall relationship is 
obscure. (Badget 1959).
In the absence of fossil remains or other evidence 
of age these metasedimentary formations have been regarded 
as constituting an upper division of the Precambrian, of 
which the crystalline gneiss series which underlies most of 
the country forms a lower division. As far as subdivision 
of the main gneiss series is concerned, the widespread 
occurrence of isoclinal folding and high metai'aorphic grade 
has prevented the establishment of anything more than 
purely local sequences„
The minimum age of the rocks of the Mozambique belt, 
which it was suggested by Holmes are likely to be the eroded 
remnants of a geosynclinal series produced within a single 
orogenic cycle, has been shown to be between 475 and 650 
million years. These figures are based on potassium/argon 
determinations on micas from the gneisses and potassium/ 
argon and uranium/lead determinations on minerals from cross 
cutting pegmatites (Snelling et. al. 1964). Individual 
determinations of which the figures are an average showed 
a large measure of agreement among themselves and have been 
carried out over a number of years on numerous samples from
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all parts of the Mozambique belt.
Age determinations of zircons from the nepheline- 
syenite of Tambani, south western Malawi, using Larsen’s 
lead-alpha method, gave an apparent age of 550 million years 
(Tilley 1954), and of monazite from the south-western shores 
of Lake Malawi by the theisotopic uranium/lead method gave 
a mean accepted age of 597 - 25 million years (Darnley et. 
al. 1961), These results are quite consistent therefore 
with the proposal that the Basement of Malawi forms part of 
the Mozambique belt.
Since however the dating of these minerals represents 
only the latest thermal event in the evolution of the rocks 
of which they form part, they do not, despite their consis­
tency, show that the Mozambique belt represents a single 
orogenic cycle. The fact that this may not have been the 
case, and that it is almost certainly not a completely 
homogeneous orogenic feature now seems generally agreed 
(Baker 1957, Holmes and Cahen 1955).
The fact that in northern Malawi the Nyika granite 
of between 1085 and 1150 million years in age (Snelling 
1962) cuts gneisses typical of the main mass of the Malawi 
Basement suggests that these Basement rocks may have been
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laid down at least 500 million years before the date of the 
latest thermal events affecting them.
Evidence of sedimentation in the Palaeozoic in 
Malawi is confined to a small outlier near the head of the 
Nachipere stream in the south of the country, where about 
700 feet of arkoses, conglomerates and shales, the latter 
containing poorly preserved evidence of plants, overlie 
Basement Complex gneisses. The plant impressions in the 
shales appear to represent a member of the Equisitales group 
(Pteridophyta) and on this rather slender evidence the 
sediments, known as the Nachipere Series, have been tenta­
tively correlated with the Witteberg series of the Cape 
System. There seems little doubt however that the formation 
is Post-Basement, as pebbles typical of the Basement are 
found in the conglomerates, and that it is Pre-Karroo, since 
Karroo rocks overlie a felspathic intrusive that largely 
envelops the Nachipere series rocks and thermally alters 
them along the contact (Bloomfield 1954). Although the 
rocks of the Nachipere series have been locally affected by 
thermal metamorphism, cataclasis and metasomatism, their 
overall grade is extremely low (chlorite zone) and they
show no evidence of having been involved in the regional 
metamorphism affecting the underlying gneisses.
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Evidence of an episode of igneous intrusion in 
Malawi in the Palaeozoic is provided not only by the 
perthosite that intrudes the rocks of the Nachipere series, 
but also by the radiometric dating of the granite of the 
Cape Maclear peninsula between the south-east and south-west 
arms of Lake Malawi. This, by the potassium/argon method, 
is shown to be between 430 and 450 million years in age 
(Snelling 1963).
Evidence of large scale faulting in the Palaeozoic 
(Lufilian) along a number of ENE trending zones of trans­
current dislocation has recently been described from the 
area west of the Malawi Rift in the neighbouring territory 
of Zambia (de Swardt et. al. 1964). These may extend into 
the northern region of Malawi, but there seems little evidence 
to correlate them with similar trends in the south of the 
Territory? this is discussed in Chapter II, Section 2c(ii).
More conclusive evidence for the timing and sequence 
of events in Malawi dates from the Mesozoic, which commenced 
with extensive faulting approximately along the line of the 
present Rift Valley, leading to the formation of a series 
of basins of deposition in a proto-Rift zone. The fact that 
this faulting follows the predominant trend of the Mozambique
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belt is ascribed by Dixey (1956) to the fact that it was 
controlled by pre-existing lines of crustal weakness dating 
from Precambrian time, thereby repeating the pattern ahd 
nature of much earlier orogenic cycles. In the absence of 
evidence in the Precambrian of recognisable valley-floor 
deposits it is difficult to establish to what extent such 
early orogenies might have led to the formation of rift 
valleys, but that the early Karroo sediments were laid down 
under shallow water conditions in a scries of inland basins 
is generally accepted.
Karroo sediments are preserved in Malawi in two 
distinct sedimentary basins, one to the north-west of the 
Lake (Cooper and Habgood 1959) in which the sediments have 
affinities with those of southern Tanzania, and one in the 
lower Shire Valley area (Habgood 1965) in which the succes­
sion is more like that of the middle Zambesi Valley. These 
two basins together provide evidence of the accumulation of 
nearly 20,000 feet of sediments in Karroo times. That the 
time was one of instability, involving intermittent uplift 
and depression is indicated by the variable lithology, which 
includes conglomerates, coal measures, mudstones, siltstones 
and dune bedded sandstones, and by the fact that there are
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at least three major unconformities in the successions of 
both of the main sedimentary basins.
Evidence of a hitherto unrecognised igneous episode 
in early Karroo times is provided by a recent potassium/ 
argon age determination of biotite from the Domasi granite 
near the south end of the Malawi Rift. The age of this 
granite, with which are associated microgranites and micro- 
tonalites thought to belong to the same episode, is given 
as 255 - 20 million years. The episode may be a minor one, 
but the microtonalites which are thought to represent 
altered dolerites, have a fairly widespread distribution 
around the southern end of the Lake and are prominent in 
the area covered by this thesis. The question is further 
discussed in Chapter III.
The diastrophism which brought an end to Karroo 
sedimentation in late Stoniiberg times was accompanied 
throughout southern Africa by a vast outpouring of basaltic 
material, mainly as dykes, sills and sheets. (Walker and 
Poldervaart 1949). These basalts are well represented in 
the southern part of Malawi where they occur as an extensive 
dyke swarra cutting the Basement gneisses, and as a series 
of sills in the Karroo sediments, and as lava flows over-
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lying them (Habgood 1965) . They do not however occur in  ^
the north of the territory.
Earth movements in the lower Shire Valley continued 
during the Jurassic, which was a period of erosion during 
which no sediments were deposited in the area. The nature 
of these movements seems to have been largely epeirogenic, 
but with initiation of movement along the faults that form 
the scarps that flank the present-day Rift. Because 
erosion of pre-Jurassic sediments on the rising flanks of 
the rift kept pace with the uplift Dixey (1956) considers 
that this movement did not lead to the formation of a Rift 
Valley as a distinct physiographic feature until the 
Cretaceous, the commencement of which was marked by the 
deposition of Valley floor deposits in the north and south 
of the Rift zone. In Upper Jurassic to Lower Cretaceous 
times, and prior to the deposition of the Cretaceous 
sediments, there occurred in southern Malawi and the 
adjacent areas of Mozambique the sequence of events of the 
major igneous episode of the Chilwa Alkaline Province 
(Dixey et. al. 1937). This episode commenced with a 
plutonic phase in which a number of large masses of syenite 
and nepheline-syenite were emplaced. One of these, the
ao.
•H
03 >1 
en •
r-4 s
in
in
(N
LO
in
in
r-|
•H
•H
•H
•H
03 -H<ü
8
r-4
>i 03
O -P d) *H pH 
•H TJ rH
•H
H  *H
O tP O
• 03 -P 
Cn -H•H
IW
•pH
-p  -p •H-H
rH m 
r-4 -H
«M
O
P "H 
•H 4J
•H
••4
>ï
M
O
•P
CQ
-H
-H rH
•H rH
-H
c ^•HrH •H
O *H
•H •H
•H *H P  
PI 03 -H
rH
rdo
-H
O
pH
•H
•H
S sU p p p
s; H QH  H
m u
03 ■H
•H
•H
51e
nepheline-syenite of Chaone hill, has been dated by lead/ 
alpha determinations of derived zircons as being of 138 m,y . 
age (Bloomfield 1961 p.95)« Following the syenites the 
sequence of intrusion seems to have been felspathic breccia, 
carbonatite, later nepheline-syenite, and a series of 
alkaline dykes including felspathiodal types, solvsfoergites, 
trachytes and alnoites» The general intrusion mechanism of 
the plutons is thought to have been cauldron subsidence 
(Stringer, Holt and Groves 1956) while the breccias and 
carbonatites show evidence of having formed diatreraes with 
aureoles of fenitisation and carbonatisation.
Elucidation of subsequent events depends largely on 
geomorphological evidence, which seems to indicate a long 
period of stability from the Cretaceous to the mid-Miocene, 
during which the valleys and basins of the Cretaceous were 
infilled and general peneplenation took place, though with 
preservation of the remnants of the late-Jurassic/early 
Cretaceous peneplain on surfaces formed on resistant rocks «
This period of stability terminated in the Miocene
with a regional uplift of the order of 3,000 to 4,000 feet
which led to the erosion of all but a few remnants of the
Cretaceous sediments and an exhumation of the pre-existing 
Rift.
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The Miocene uplift was followed by renewed but 
relatively small-scale faulting along the Rift and 
rejuvenation of some of the pre-existing faults. According 
to Dixey (1956) this faulting was the result of upwarping 
along the flanks of the Valley ( * a  rise to the Rift’) rather 
than a subsidence of the Valley floor/ and was responsible 
for the marked tilt of the Miocene peneplain away from the
Rift as seen at the present-day.
In the Quaternary sedimentation was renewed within 
the Rift during which time the spreads of lacustrine sands 
and clays that form the present-day Lake Shore plains were
laid down. In parts of the Rift these show local 
unconforraity with underlying Tertiary sediments, and so 
provide evidence of late movements, which are also indicated 
by the presence of faceted spurs along some of the fault 
scarps,
Frequent but slight tremors along the Rift indicate 
that adjustments continue to occur; these may well have an 
important influence on the variation of the level of Lake 
Malawi, although they have been largely ignored in recent 
hydrological studies.
Table II is intended as a general sumraary of the
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events of the geological history of the Malawi Rift zone 
as set out in the foregoing account, and to provide a back­
ground to the present work. In order therefore to avoid 
anticipating the conclusions of this thesis, the Table as 
given is based on previously published work, and shows the 
Mozambiqu.ian orogeny as a single event, a view which, as 
will be indicated, now reqpjiires amendment.
b) Riagional and historical geological 
setting of the area of the present 
investigation.
Within the Fort Johnston area the only direct 
evidence of the timing and sequence of geological events is 
provided by the paragneisses, the latest metamorphism of 
which dates from the Cambrian, and the recent sedimentary 
infilling of the Lake Malawi basin. That the Basement 
gneisses that are concealed within the Rift are probably not 
everywhere directly overlain by Recent deposits may be 
inferred from a general consideration of the history of the 
evolution of the Rift, and the fact that Cretaceous and 
Karroo sediments are exposed within the Rift both to the 
north and south of the Fort Johnston area. In the absence 
of deep borings the existence of these in the Fort Johnston
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area can only be inferred however. The nearest outcrop 
of pre-Quaternary sediments is preserved in a basin of 
Karroo deposition on the east side of the Lake approxi­
mately 100 miles to the north in Mozambique territory.
A study of the geology of the Fort Johnston area 
provides evidence therefore relating mainly to the most 
distant past (petrological and structural) and the most 
recent times (geomorphological). Evidence of events that 
occurred in the long period of time represented by the 
Palaeozoic and the Mesozoic exists only in the form of a 
number of granitic intrusions of probable but unconfirmed 
Silurian and Permian age, and syenites of Cretaceous age, 
and some minor intrusions.
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IIo STRUCTURE SUCCESSION AND METAMORPHIC HISTORY 
OF THE CRYSTALLINE BASEMENT.
1) Introduction
Work in the Cholo-Chikwawa area in 1952 led the 
writer to the conclusion that both granulite and amphibolite 
facies rocks occur in the Basement of Malawi (Holt 1953 
pp.11, 12 and Plate V), and in the same year Bloomfield 
(1953 p.20) as a result of mapping the neighbouring Majete 
area recorded rocks which he regarded as being of 
amphibolite facies but possibly partly transitional between 
the amphibolite and granulite facies, (i.e. the 'Doubtful 
Sound paragenesis' - Turner 1948 p.38).
Since these first attempts to apply the facies 
classification to a study of the grade of metamorphism of 
the Basement of Malawi, rocks showing disequilibrium 
textures and mixed assemblages of minerals not typical of 
any one facies have been reported from almost every area 
that has been mapped. Although the fact that such 
transitional rocks are widespread is universally accepted, 
there has been less uninamity about the time and space 
relations of events which the occurrence of these reflects.
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In 1959 the writer, as a result of mapping in the 
Fort Johnston area, concluded that, although the space 
relationship between rocks of the two main facies types 
was very complex, the amphibolite facies metamorphism had 
succeeded the granulite facies metamorphism, and that most 
of the rocks of the latter type had been downgraded in some 
degree (Holt 1961 p.23). This was the converse of the view 
expressed the previous year by Morel (1953 p.40) who 
considered that in the Middle Shire area the granulite 
facies rocks formed from pre-existing rocks of amphibolite 
facies. In an unpublished reassessment of the area Morel 
has however stated (1960 p.33) that this view cannot be 
entirely substantiated, and that retrograde changes are 
important. The latest published v;ork dealing with the 
subject (Bloomfield 1965B p.62) states that:
'Most writers now agree that the amphibolite and granulite 
facies rocks are represented, and that some of the lower- 
grade hornblende-gneisses may have resulted from retrograde 
metamorphism of charnockitic types’.
Discussion now centres on the nature of this 
change? Bloomfield, from a study of the Zornba and Ncheu 
areas (1963 p.82), considers that in the absence of
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evidence to the contrary it is probably due to a gradual 
decline in pressure and temperature from granulite to 
amphibolite facies conditions, probably accompanied by wet 
migmatisation„
The writer however prefers the view first expressed 
in 1959, that as far as the Fort Johnston area is concerned 
the amphibolite facies rocks were formed in a period of 
metasomatism separate from the granulite facies metamorphism
It is against the background of this discussion 
that the following chapters have to be considered.
In Section 2 of this Chapter in an account of the 
fabric and structure of the paragneisses new evidence is 
brought forward to show the nature of the retrograde 
changes, and this is followed by an interpretation of the 
structure of the area in terms of superimposed folding, a 
feature hitherto unrecognised in the Basement of Malawi.
In Section 3 the petrography of the rocks is 
described, and the probability that they represent a meta- 
somatised sedimentary series is discussed. The main 
features of the paragneisses relevant to an assessment of 
the metamorphic history of the area are then considered
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in turn, and an interpretation of these in terms of an 
early granulite facies metamorphism followed by a later and 
separate alkali metasomatism probably linked in time with 
the second period of folding is proposed.
Conclusions regarding the origin and metamorphic 
history of the paragneisses is summarised in Section 4.
In Sections 5 and 6 the fabric, structure, petrology 
and petrogenesis of gneissic rocks presumed to be derived 
from pre-metamorphic igneous intrusions are described and 
discussed. These include basic and ultrabasic rocks similar 
to types described by Bloomfield (1965A) from other 
localities in southern Malawi, and a charnockitic granulitic 
perthosite of a type not previously recorded in Malawi, and 
thought to be derived from a pre-metamorphic acid or inter­
mediate igneous rock.
In Section 7 the fabric and form of the bodies of 
perthitic migmatite and anatexite which make up many of the 
prominent hills of the area is described, and from their 
structural relations with the paragneisses it is deduced 
that they were probably formed syntectonically with the 
later of the two episodes of folding and metamorphism.
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In Section 8 the perthitic migmatites and anatexites 
are divided into five main pétrographie and structural 
types and a brief account of the main features of each 
type is given. The possible tectogenetic significance of 
their alkaline nature, and that of the Basement rocks in 
general is then considered.
In Section 9 conclusions regarding the perthitic 
migmatites and anatexites are summarised.
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2) Fabric and structure of the Paragneisses
a) Textural features 
i) Microscopic (microtextures)
Textures of the Basement paragneisses of Malawi are 
either gneissic granoblastic or schistose, all three of 
these types of texture often being displayed within a single 
specimen. Such marked inhomogeneity, which in the Fort 
Johnston rocks extends even to the microscopic scale 
reflects a complexity and variation of texture occurring 
throughout the series which it is impossible to describe 
in general terms.
This inhomogeneity at the microscopic scale results 
partly from a widespread occurrence of disequilibrium 
textures, and these because they reflect a state of 
chemical disequilibrium between the components of the rocks 
may be regarded an important indication of the polyraeta­
mo r phi c history of the area (Holt 1961).
Because of the petrogenetic significance of these 
features it is proposed to describe them at some length.
This is done by first considering separately the morphology 
of each of the principal mineral components of these rocks.
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following which overall textures are described and dis­
cussed, then the whole textural evidence is interpreted in 
terms of recent ideas on nucléation and mineral growth in 
metamorphic rocks.
The descriptions are based on a comparative study 
of a total of 271 thin sections of a representative selec­
tion of paragneisses from all parts of the Fort Johnston 
area. In the section dealing with the morphology of 
individual minerals, unless otherwise stated, both data and 
descriptions relate to their occurrence in the 'normal' 
paragneisses, i.e. those in which quartz and felspar or 
either one of them form the groundmass or are the principal 
constituent (240 sections). Although this grouping 
includes rocks ranging in composition from acid to basic, 
in the present context these can be conveniently classed 
together to distinguish them from the calc-silicate granu- 
lites (31 sections) from which they differ texturally as 
well as chemically.
Quartz Of the paragneisses sectioned 34 per cent were 
found to contain free quartz.
In thin section this quartz is seen to occur in 
patches the boundaries of which are ohmraetEamio'kioaliy
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f r e q u e n t l y  so m ew h at c o n v o lu t e d .  T h e  o v e r a l l  s h a p e  o f  t h e s e
patches is normally very irregular, so that although the 
term rounded may be used with reference to parts of the 
margins, it can seldom be applied to the overall shape of 
individual patches. Convolutions in the edges commonly 
almost completely enclose parts of the groundmass of the 
rock, and in some cases apophyses from the larger quartz 
patches invade the main groundmass mosaic of a rock. The 
smaller occurrences are usually crystallographically homo­
geneous, but where quartz forms large patches, as in a 
porphyroblastic rock, a number of grains of differing 
crystallographic orientation combine to make up a coarse 
mosaic. In most cases the boundaries between such grains 
are well-defined and more nearly linear than the boundaries 
of quartz with other minerals. A few instances were noted 
however where such adjacent grains were partly coalescent, 
and the resultant quartz patch characterised by areas of 
slightly differing extinction angle with gradational 
boundaries, the overall effect resembling, but distinguish­
able from, that of the undulose extinction produced by 
strain.
Figure 6.
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Oriented lobate and sub-lobate quartz 
blebs in a biotite-garnet-gneiss.
Sheet 1435 A3. Manjawira garnet-gneisses 
3in W  of Kela road camp (3771).
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Although many of the rocks containing qpaartz show 
linear or planar features, it was found that only in a com­
paratively few cases did the shape, arrangement or distri­
bution of the quartz grains reflect this. A striking 
manifestation of this was noted when it was found that in 
many sections a markedly parallel pattern of mafic minerals 
clearly visible under ordinary light was often largely 
obscured under crossed polarisers by the increased prominence 
of an apparently isotropic fabric of felsic minerals in the 
groundmass.
In cases where the quartz does reflect a lineation 
or foliation this most commonly takes the form of parallel 
orientation of slightly elongated, but otherwise irregular 
grains. These may be distributed at random through the 
rock, or they may be concentrated in bands.
Where such bands occur the grains are not commonly
in contact with one another, and in only two sections were
quartz mosaics forming continuous lenses or foliae observed.
p.34o)
According to Eskola (1939^ the occurrence of quartz
in such flattened lenticles or leaves oriented parallel to
the foliation is a feature of all true granulites, and
loo ^
Turner (1948 p . h a s  endorsed this view. More recently
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workers (e.g. Schueraann 1961, Scharbert 1963) on the
granulites of the Austrian mo1danubikum in which quartz
foliae are particularly we11-developed have gone further
and proposed that such extreme flattening, to which they
have applied the term 'platten' and 'discen' quartz, should
dn
be regarded as/\essential feature of all granulites and 
rocks of the granulite facies. If these criteria are to be 
applied to these Fort Johnston rocks they certainly cannot 
be regarded as true granulites, and as far as can be ascer­
tained from published descriptions most of the Basement 
rocks of Malawi hitherto designated granulites would appear 
to be similarly excluded.
In over three-quarters of the quartz bearing 
paragneisses examined in thin section the quartz shows 
strain shadows. This is indicated by^wavy zone of black­
ness which passes across some or all of the quartzes in a 
rock on rotation of the stage in the near extinction 
position. In moderately strained quartzes there is a middle 
position for each grain in which it is completely 
extinguished, but in the more acutely strained examples 
the shadow pattern is more diffuse and persists even in the 
position of maximum extinction. It was noted that such
65.
shadow patterns resulting from strain were often rectilineal, 
which served to distinguish them from patterns resulting 
from partial coalescence of adjacent grains as a result of 
thermal fusion, which tend to be irregular and lobular.
This was confirmed by a fairly constant association of the 
former with obvious cataclastic features such as granulation 
of interstitial material, while the latter generally occurs 
in rocks not showing pronounced strain effects, though a 
few rocks showed both types of undulose extinction and 
other signs of cataclasis.
An important exception to this is seen in some of 
the rocks occurring along the main Rift Scarp east of 
Malindi at the south end of the Lake. These show granu­
lation and extreme strain effects in felspars in association 
with quartz in markedly elongated or flattened blebs showing 
only very moderate strain. This quartz appears to be of 
secondary origin, and probably represents a post-movement 
phase of silicification along the Rift faults. It is 
specially prominent in the rocks of the Lusalumwe Valley, 
which is the locality of both the rocks that show foliae 
resembling 'platten quartz'. These 'platten quartz' would
therefore appear to be of very different origin from those 
of the granulites of Saxony.
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Only abiut ten par cent of the paragneisses examined 
showed instantaneous extinction of quartzes and complete 
lack of strain shadows.
The quartzes in these rocks commonly show fractures 
of three main types. The most clearly defined are those 
infilled with a material which shows as bright red-brov/n 
microgranular aggregates in thin section and which does 
not extinguish completely under crossed Nicols. Such cracks 
traverse other minerals, but are usually best developed in 
quartz. They are evidently of late origin, and the material 
infilling them is probably a hydrated oxide of iron 
produced by weathering. The second and coivmonest type of
fracture shows as dark lines traversing grains. These are
often irregular, even discontinuous in a single grain, 
though in quartz patches which are markedly lobate they 
have a tendency to occur across the neck, or narrowest part 
of the lobes. Regular fracture patterns in qnartz are not 
common, but were seen in a few slides. The third type of
fracture is indicated by lines of dust-like inclusions or
bubbles which show up as minute pinpoints of light when the 
quartz is in the extinction position. Some of these 
represent healed or fused breaks, though some may be
67.
palimpsest relics of an early fabric.
In some of the paragneisses of the area the quartz 
has a greasy appearance and a greenish colour in hand 
specimen. This is a feature which in charnockitic rocks 
has been ascribed to the presence of minute acicular inclu­
sions in the quartz (Iddings 1913 p.45). In the Fort 
Johnston rocks no such inclusions have been noted in the 
quartzes however (though they occur in the felspars - see 
below)? the greasy quartzes exhibit dust-like inclusions 
but these are. no more developed than in the quartzes of 
normal appearance in the hand specimen.
Pla0ioclase Of the paragneisses sectioned 79 per cent 
were found to contain plagioclase? this is by far the most 
widely-distributed and generally-occurring felspar in these 
rocks, though not necessarily the most abundant, as many of 
the paragneisses contain it only in comparatively minor 
amount.
The lobate outlines characteristic of quartz are 
typicalhwtmmtwmWlk&Lin p la g io c la s e ,  w h ic h  te n d s  to  be  p a r t l y  
p a r a l l e l - s i d e d  w i t h  i r r e g u l a r  rag g e d  te r m in a t io n s .  Rounded 
m a rg in s , w here  th e y  o c c u r ,
Figure 7.
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Embayed plagioclases in a leucocratic 
biotite-gneiss of the Lutende .gneiss group. 
Sheet 1435 A2. Chimbwerobwe hills, 
international boundary 3m N of H i n d i 
(3405).
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V t  ■••‘ v “ . ‘ sho w  a
number o f  fe a tu r e s  s u g g e s tin g  breakdow n o f  p la g io c la s e
anol may represent true caries texture 
resulting from peripheral decay of crystals.
Oligoclase/andesine is the comraon plagioclase 
felspar. It usually shows alfoite twinning, though often 
only traces of the twin lamellae are faintly visible near 
the margins of crystals. Pericline twinning is also often 
present, Carlsbad twinning more rarely. A notable feature 
of the more sodic plagioclase is that v;here it occurs 
together with other felspars in these gneisses it is 
invariably the felspar that shows the greatest degree of 
cloudy alteration;^ o This does not however seem to be true 
of the labradorite in some of the more basic gneisses and 
calc-silicate granulites, v/hich is unclouded and more 
nearly idiomorphic than the sodic plagioclases, and has 
more sharply-defined twin lamellae. Strain effects are not 
as universal as in quartz but arc quite common, particularly 
in rocks from near the main Rift faults. They are visible 
in thin section as shadows, bent lamellae and glide distor­
tion of crystals along the twin lamellae, these features 
occurring either separately or together. Strained
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plagioclases always occur in association with strained 
quartz, even though the reverse is not always true (see 
above).
Breakdown of plagioclase is common in these rocks 
and is usually seen to be accompanied by the formation of 
myrmekite and a build-up of microperthite. By comparitive 
study of a large number of thin sections showing this 
feature it was found possible to establish a sequence of 
alteration. The 'ghosting' of twin lamellae as seen under 
crossed Nicols marks an initial stage, while more altered 
examples show a blotchy cloudiness apparent under ordinary 
light. Undulose extinction, although not in itself a sign 
of alteration, usually appears at this stage. Further 
breakdown is marked by the development of caries structure 
round the margins of crystals. This attains its greatest 
development when much myrmekite is present in the section. 
The association of the two features may not always be 
obvious as the myrmekite tends to be concentrated near the 
potash felspar rather than the plag.ioclase, but as there 
is a fairly constant association of pronounced caries 
structure in plagioclase and abundant myrmekite there 
seems little doubt that they are evidence of part of a
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single sequence of alteration.
Although in the paragneisses the plagioclase 
generally either seems to be fairly stable or to show 
signs of breakdown, one example was noted, from near the 
Mauni/Lijambe igneous complex where there was evidence 
of the formation of plagioclase. In this case (Rock 2673) 
no myrmekite is present, and the plagioclase shows unusual 
dendritic patterns of cloudiness and clear margins 
enclosing minute flakes of mica typical of the groundmass 
of the rock.
Orthoclase Of the paragneisses sectioned 44 per cent 
were found to contain orthoclase (not including micro- 
perthitic orthoclase, see below) .
In these rocks orthoclase generally tends to be more 
xenoblastic than plagioclase, though parallel-sided crystals 
with irregular terminations like those of plagioclase are 
not uncommon, Orthoclase however rarely shows twinning of 
any kind. Only in the 10 per cent of paragneisses in which 
the whole texture is strongly planar or foliated does it 
show any preferential orientation of grains? normally it 
occurs as a constituent of a groundmass which may or may
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not be equigranular, or as porphyroblasts.
Strain effects are quite common, being most 
prominent in rocks from near the main Rift faults. They 
take the form of strain shadows and undulose extinction 
similar to those seen in quartz and plagioclase. Cloudy 
incipient alteration is not as universal as in plagioclase, 
though strained crystals are usually clouded. In one 
section bands of intense cloudy alteration were noted along 
cleavages in strained orthoclase.
Microperthite occurs in 44 per cent of the paragneisses 
sectioned. The characteristic mode of occurrence of the 
microperthites in many of these rocks is as patches with 
highly crenulate margins similar to a type to which Michot 
(1951) has applied the ter)m mesoperthite (see Definitions, 
Chapter I). The size of the microperthite is generally 
rather larger than that of the other constituents of the 
rock, so that the resulting overall texture of the felsics 
is markedly inec[uigranular. The difference is usually not 
sufficiently great to make the rock porphyritic however. 
Interstitial myrmekite and embayed oligoclase are 
frequ.ently abundantly developed in association with 
mesoperthite, and this combined with the complex patterns
Figure 8
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of a biotite-gneisso
Sheet 1435 Al. Michelelo marble group 
4m NE of Kadango (2997).
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of felspar intergrowths within the mesoperthites and the 
interlocking crenulate boundaries of the latter, combine to 
give thin sections of these rocks an appearance under 
crossed polarisers which is at the same time granular and 
flowery. In fact the more extreme examples display a 
pattern remarkably like that of a cauliflower head, so that 
'cauliflower texture' makes a convenient descriptive term 
for these felspar textures. (typified by 2997).
The classification of perthites originally proposed 
by Andersen (1929) is applicable to these microperthites of 
the Fort Johnston paragneisses, and the following types 
were noted;-
a) String perthite in which the plagioclase 
lamellae form very small, rather regular 
strings in the potash-felspar. The strings 
lie parallel to (010) and at an angle of 
about -73® with (001). The cross-section 
of the strings is often oblong, with the 
axis perpendicular to (010).
b) Film perthite in which the plagioclase 
lamellae form thin films in the potash-
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felspar, runiling perpendicular to (010) and 
at an angle of about -75® with (001), 
although sometimes the films are differently 
oriented.
c) Vein perthite, the most common type, in 
which the plagioclase lamellae vary as 
regards size, shape and orientation. Most 
commonly they lie in directions near 
parallel to the (100) face and at angles 
around 65° with (001).
d) Patch perthite, in which the plagioclase forms 
separate patches or blebs in the potash- 
felspar. The shape and orientation of these 
is irregular but sometimes has a tendency to 
the same arrangement as in vein perthites.
Vein and patch type perthite are by far the commonest 
types (39 and 26 per cent respectively of the total of the 
microperthite bearing paragneisses) while string perthite 
(17 per cent) is the least abundant, though it is common in 
the orthogneisses and perthitic syenites (see Sections 5 
and 7).
74.
Andersen (loc.cit.) distinguishes between three 
possible modes of formation of perthite, i.e. exsolution, 
rhythmic crystallisation, and replacement? he considers 
string and film perthites to be products of exsolution 
processes, while he regards replacement as being important 
in the formation of patch and vein perthites.
This view has more recently been endorsed by 
Heier (1955) who describes mesoperthites from Norv/ay which 
he believes are due to replacement. Nothing was seen in 
the Fort Johnston rocks to contradict this idea, and the 
combination of features producing the cauliflower texture 
in some of them certainly seems to provide evidence for at 
least a partially replacement origin for much of the 
microperthitec Morel (1961) has observed similar textures 
in the Lirangwe perthitic norite of southern Malawi, which 
he considers to have been metamorphosed follov/ing its 
emplacement. The mesoperthites of the norite he suggests 
may have grown as a result of this metamorphism, either 
by exsolution of potash felspar from an original plagio- 
clase, or by replacement following an influx of alkalis. 
Morel considers the former more likely, but whichever 
view is accepted it seems evident that the mesoperthites
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have at least partly grown from pre-existing felspars by 
a late movement of alkali ions.
This would also seem to be the case with the meso­
perthites of the Fort Johnston paragneisses. The distinc­
tion between the two alternatives depends on the scale of 
migration of ions, i.e., whether it takes place only on the 
microscopic scale as between and within individual crystals, 
or also regionally. Théù importance ofJ^<^estion is 
considered later.(Sea Section 2c, below.)
Strain effects are quite common in microperthite, 
producing strain shadows similar to those seen in orthoclase, 
but often showing ghost^like cross hatching similar to that 
produced by polysynthetic twinning in microcline, but in a 
more vague form.
Microcline Wilson (1950,) notes that although many 
petrologists are unaware that untwinned microcline can 
exist, it is very common in certain rocks. He concedes 
however that for routine work it is reasonable to accept 
as microcline any potash-felspar which shows cross-hatching 
on (001) and to relegate all other potash-felspars to the 
orthoclases, and this criterion has been adopted in the 
present study.
Figure 9.
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Typical impersistent and spindly cross- 
hatch pattern of the microcline- 
microperthite in a quartzofelspathic gneiss 
Sheet 1435 A4. Namitembo pyroxene-gneisses 
6m SE of Malindi (2992).
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Microcline showing evidence of cross-hatching is 
however not common in the Fort Johnston paragneisses, and 
was seen in only 10 per cent of the rocks sectioned.
These were either quartzofelspathic gneisses or hornblende 
gneisses? none was seen in any of the pyroxen^'^-bearing 
gneisses. This is in accordance with the views of Heier 
(1961) who regards orthoclase as the stable potash- 
felspar of the granulite facies, and microcline as the 
typical potash-felspar of the amphibolite facies.
The twin lamellae of the microcline of these 
metamorphic rocks tend to be impersistent and spindly so 
that the intensity of the cross-hatch pattern is usually 
uneven within a single crystal. In this respect they 
form a marked contrast to the microcline of the igneous 
syenites and granites of the area, in which the twinning 
shows as well defined bands and lines which combine to 
form a bold and regular tartans-like pattern. The micro­
cline of the metamorphic rocks is also universally micro- 
perthitic to cryptoperthitic, another feature which 
distinguishes it from the microcline of the igneous rocks.
The microcline of the paragneisses is typically 
anhedral, with rounded or embayed outlines, so that its
77.
shape tends more to resemble that of quartz than any of 
the other felspars of these rocks. One quartzofelspathic 
gneiss (2656) showed a core of untwinned potash felspar 
enclosed by a cross-hatched rim? the same rock has 
another felspar with bands or zones of cross-hatching.
All the microclines of these paragneisses show 
undulose extinction, but this can only definitely be 
attributed to strain in the rocks in which it shows extreme 
development, or where it is accompanied by distortion of 
lamellae, because wavy extinction is a normal feature of 
microcline. Such evidence of strain is common in these 
rocks however.
Antiperthite was noted in some of the hypersthene—  
bearing paragneisses. It takes the form of an intergrowth 
of rounded to sub-rounded patches of untwinned potash- 
felspar with twinned oligoclase. The intergrowth is so 
co/irse that it superficially resembles a groundmass mosaic, 
and only the parallelism of twin lamellae in a given area 
of section shows the enveloping relationship of the 
oligoclase to the orthoclase.
Hypersthene occurs in 23 per cent of the paragneisses
Figure 10
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felspar.
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sectioned, in three-quarters of which it shows signs of 
alteration. No examples of idiomorphic hypersthene were 
seen in these rocks, the normal form of occurrence being 
as prisms with irregular ragged terminations, and usually 
with some caries-like ernbayments. The grain size is 
variable, but does not normally exceed one millimetre.
In some sections the planes of foliation of the rock are 
seen to be crowded with trails of small acicular fragments 
resembling cleavage flakes. Two rocks were noted (3316 and 
3358) which had a pronounced schistosity marked almost 
entirely by the distribution and orientation of hypersthene. 
This is unusual, however, and in most of the rocks 
hypersthene shows no preferred orientation.
Hypersthene commonly occurs in association with 
other ferromagnesians, usually clinopyroxene, garnet, 
hornblende or biotite. It also commonly occurs in close 
association with opaque iron oxides, which it often 
completely encloses. One rock was noted (3773) in which 
it occurs intergrown with garnet, hornblende, biotite and 
iron oxide. This is exceptional, however, and such an 
assemblage of minerals can hardly be in equilibrium, though 
no very obvious replacement textures were seen in this rock.
79.
except for a mild degree of fibrous alteration of the 
hypersthene.
This alteration of hypersthene was seen to be of 
two main types. The commonest, and one which has long 
been noted as a feature of this mineral in charnockitic 
rocks, is marked by the development of films of yellow 
material along cleavages and round grain boundaries. In 
the Port Johnston rocks this is seen as a very finely 
granular or fibrous micro or crypto-crystalline material, 
usually yellow, but sometimes brownish or bright orange. 
Although it occurs in cleavages it often is best developed 
in cross-fractures and sometimes infills such fractures 
even where they traverse other minerals adjacent to hypers 
thene. It also occurs ±n discontinuous fringes round the 
edge of hypersthene, particularly where boundaries are 
most irregular and ragged. Its development is sporadic 
however, so that in a single section some of the hypers- 
thene grains may show evidence of breakdown and development 
of this yellow material while others appear quite fresh 
and unaltered. T^ There such differences occur it is usually 
the smaller grains that are affected. In some sections 
where hypersthene and biotite are juxtaposed the yellow
Figure 11.
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in association with microperthite in 
biotite-pyroxene-gneiss.
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alteration product seems to be transitional between the 
two, so that it is difficult to see the precise boundaries 
of the two minerals. This is however by no means always 
the case when the two minerals are in contact. Another 
feature of this alteration product is that it, or a 
material which closely resembles it, frequently appears in 
the more leucocratic hypersthene-bearing paragneisses 
dispersed as wisps and strands through the rock as if by 
movement in a partly consolidated medium. In such cases 
the material is seen to be deposited mainly in cracks in 
felspar and round felspar boundaries.
The second type of alteration noted in hypersthene 
is a clouding, which in thin section tends to obscure the 
colour and pleochroism of the mineral and give it a dusty 
or sooty appearance. This type of alteration is usually 
initiated along cleavages, so that grains in which it is 
developed take on a striped appearance with bands of bright 
clear material separated by dark lines. In extreme cases 
the mineral becomes uniformly dark so that measurement of 
extinction angle and determination of pleochroism become 
difficult. In contrast to the yellow alteration this type 
seems to affect all the hypersthene in a section to an
81.
equal degree. It is most prominent in the rocks of the 
Lusangvj'isi Stream from near the Mangoche syenite massif 
and therefore may be primarily a thermal effect.
In a few rocks hypersthene shov/s rims of a green
alteration product suggestive of an alteration to hornblende.
More common however is a transition to biotite, which in
#
the initial stages of its development is only distinguish­
able from the yellow alteration product by its strong 
pleochroism. In the more acid gneisses schiller is quite 
common in hypersthene, but not as common as in clinopyroxene? 
it was not seen in the more basic varieties of gneiss.
Clinopyroxene. Over one third (36 per cent) of the 
paragneisses sectioned were found to contain a pale green, 
almost colourless variety of clinopyroxene approximating to 
salite. Of these 23 per cent (7 per cent of the total 
number of paragneisses) contain hypersthene in addition.
The mode of occurrence of the two is very similar, and 
when they are present in the same rock they are commonly 
closely associated in granular aggregates with either one 
totally or partially enclosing the other.
The greater abundance of clinopyroxene relative to
2 2 .
hypersthene and its wider distribution, coupled with the 
fact that it rarely shows the yellow fibrous or granular 
alteration so characteristic of hypersthene suggests that 
it may have been the more stable mineral under the condi­
tions prevailing at the time of the latest regional 
metanorphism affecting the Fort Johnston area. Although 
yellow alteration of clinopyroxene is rare, a development 
of cloudiness, leading in the more extreme cases to a heavy 
deposition of opaque material along cracks and cleavages is 
quite common, as are embayed outlines and caries structure 
suggesting corrosion. Often there is an apparent tran­
sition to hornblende (3277 and 3413) or to biotite (2127), 
though the textural evidence of this is not always com­
pletely conclusive. This is discussed in Section (3) below.
Although the nature of the breakdown of clinopyroxene
is not clear from a study of texture alone, spectacular
evidence of the formation of pyroxene at the expense of
hornblende in the gneisses adjacent to the Mangoche syenite
massif is available from thin sections cut from a number of
these rocks. In these the hornblende, which is the
predominant ferromagnesian present, is clouded and has
ragged edges fringed by aggregates of tiny granules of 
fresh pyroxene.
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Although in many rock sections clinopyroxene and 
hornblende occur together, in others a partial segregation 
of the two minerals was noted. In a typical example (2990) 
a leucocratic band separates a hornblende-rich zone in 
which some pyroxene occurs from a pyroxene-rich zone in 
which there are a few prisms of hornblende.
In the normal gneisses clinopyroxene comraonly 
occurs as partly embayed laths or plates with ragged 
terminations which in the more foliated types lie in 
parallel or partly parallel orientation.
In the calc-silicate rocks however, in which 
clinopyroxene is also a prominent mineral (it occurs as a 
major constituent of 20 out of the 31 calc-silicate rocks 
sectioned) its characteristic mode of occurrence is in 
granular aggregates, or associated with scapolite or 
calcic plagioclasG as a component of an equigranular mosaic 
which is typical of the groundmass matrix of these rocks. 
The clinopyroxene of the calc-silicate rocks also differs 
from that of the quartzofelspathic gneisses in that it is 
often greener in colour.
Garnet occurs in 17 per cent of the quartzofelspathic
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paragneisses sectioned as well as in many of the calc- 
silicate rocks.
In the quartzofelspathic rocks it is almost always 
seen as idioblastic to diablastic grains with a character­
istic pearly appearance resulting from a combination of 
high relief and the faint pinkish tinge of the body-colour
The size varies from about 0.25 mm. diameter in the 
finer grained rocks up to 5 mm„ in the coarser augen 
gneisses. In a few rocks the garnets are scattered at 
random, but more often they occur in clumps or pairs, or 
as festoons in the foliation planes of the rock. In the 
foliated rocks the component grains of these festoons are 
cornraonly somewhat elongated while at the same time 
maintaining a partly rounded appearance, but with some 
minor angularities. 'Boot shaped' seems an appropriate 
and convenient term which describes many such garnet 
occurrences.
No truly helicitic garnets were seen but almost all 
the larger grains enclose one or more globules of quartz, 
or less commonly felspar. These quartz globules are often 
noticeably free from strain even when the groundmass 
quartz or felspar shows undulose extinction.
Q5.
In addition to showing rounded outlines many garnets 
show apophyses and lobes penetrating between other mineral 
grains. Clearly such boundaries are the result of crystal 
growth.
In clear contrast to these are the garnets the 
nature of whose boundaries have been determined by defor­
mation without recrystallisation. These deformed garnets 
show a development of parallel peripheral fractures giving 
an onion-skin effect at the edges, and boundaries are 
usually angular and fragmented v/ith detachment or displace­
ment of lobes and apophyses. Garnets showing conclusive 
evidence of complete rotation were not seen however.
Those that showed deformation were found in rocks showing 
only mild cataclasis and no garnet"bearing rocks, sheared 
or otherwise, were found in the main Rift fault zones. 
Irregular fractures are a common feature of garnets and 
all but the very smallest of those of the Fort Johnston 
paragneisses showed some internal cracks. In weathered 
rocks these are commonly stained with a dark brown 
ferruginous material. Although the garnet of some of these 
paragneisses seems fairly stable chemically, in some cases 
quite conclusive evidence of breakdown was seen. In these
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garnet is commonly associated with biotite, and is often 
in contact with it or even penetrated by it. In a few 
cases an evident transformation to biotite was noted, but 
often the two appear to co-exist in equilibrium. A few 
of the garnet-bearing rocks carry orthopyroxene, but none 
was seen with clinopyroxene.
In several garnet-gneisses collected from within a 
mile of the Mangoche syenite massif on its eastern side, 
the garnet lacks its usual pearly lustre in thin section.
In some it is distinctly turbid and in one rock it is 
faintly anisotropic, presumably due to incipient alteration.
The garnet of the calc-silicate rocks is quite 
distinct in form from that of the quartzofelspathic 
gneisses, and its universally red-brown to honey-yellow 
colour in thin sections shows it to be a distinct species.
In the finer-grained rocks it occurs scattered at random 
as pools and globules, rather in the manner of droplets 
of water on a greasy window, or as a groundmass of lobate 
patches interstitial to other calc-silicate minerals.
Neither the garnets of the calc-silicate rocks or
those of the quartzofelspathic gneisses were found to be 
noticeably anisotropic, with the single exception of that
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from near the Mangoche massif mentioned above.
Hornblende occurs in one third of the paragneisses sectioned 
In the acid and intermediate rocks it normally appears as 
small scattered angular flakes and as prisms with irregular 
ragged terminations, usually with some ernbayments. Sieve 
structure is common, quartz, apatite, iron oxides and 
felspar frequently being enclosed by it.
Gneisses which show foliation on the microscopic 
scale usually owe this feature mainly to the distribution 
and arrangement of hornblende, together with biotite, 
clinopyroxene and iron ores where these occur also. In 
such cases there are however usually a number of hornblende 
crystals which do not conform to the general parallelism.
In the more leucocratic gneisses the hornblende may 
be either olive-green or brown, but in the more mafic 
varieties it is always brown, and in these the hornblende 
tends to occur in more robust plates and laths than in the 
leucocratic rocks. Conditions of mild strain produce 
clouding and undulose extinction in hornblende, while con­
ditions of more acute stress such as occur along the main
Rift faults produce chloritisation and ultimately complete 
disruption.
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In the region of the Mangoche syenite massif up to 
one mile from its edge there is clear evidence on the micro­
scopic scale of an alteration of hornblende to biotite and
pyroxene. This was observed in thin sections of the 
paragneisses from both the east (2065, 2120, 2142, 2965) 
and west (2983, 3295) sides. It was also observed in some 
gneisses from near the Nambungo syenite (4265, 4645). The
transition is particularly well displayed in the mafic 
bands of some gneisses exposed in the bed of the Lusangwisi 
stream east of the Mangoche massif (2142, 2065). In these 
plates of brown hornblende of from 1.5 to 4 m m . across are 
fringed partly by red-bro-wn biotite and partly by pale 
green pyroxene. The biotite occurs as globules bordering 
the prism faces of the hornblende and as lath-like inter­
growths where the hornblende has ragged teminations. The
pyroxene likewise occurs as festoons of tiny grains 
clustered round the fringes of the hornblende or as larger 
plates partly enclosing it. Both the pyroxene and biotite 
types of rim are peppered with tiny granules of iron ore 
which are in places coalescent to form larger blebs or 
streaks. Iron ore is also developed as hair—like growths 
along the cleavages of some of the hornblende. In these
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two sections most, but not all, of the hornblende is 
rimmed in this way. Generally pyroxene attains its 
greatest development between hornblende and plagioclase 
while biotite is most prominent between hornblende and 
orthoclase. Some of the hornblende is rimiaed by inter­
growths of biotite, pyroxene and iron ore, and in places 
in the sections festoons of this granular intergrowth occur 
which are not directly in contact with hornblende.
The rocks showing this type of alteration all come 
from localities less than one mile from the syenite contact 
and provide the most spectacular examples of reaction rims 
seen anywhere in the Fort Johnston area. No hornblende— 
bearing gneisses were found nearer to the syenite than 
about half a mile, though hornblende is a normal constituent 
of the syenite itself.
Biotite occurs in three quarters of all the paragneisses 
sectioned and is the most common and widely distributed 
ferromagnesian mineral in these rocks. In view of this, 
and the complete absence throughout the area of other types 
of mica, its occurrence is of particular interest 
texturally, partly because it is one of the principal
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minerals imparting banding and foliation where this occurs, 
but also because of its apparently secondary origin in 
some of the high grade gneisses.
In 60 per cent of the biotite-bearing paragneisses 
sectioned no parallelism of mineral distribution or orien­
tation was apparent on the microscopic scale, though in all 
cases it must have been present on larger scales for the 
rocks to be classified as paragneisses.
In those which do show parallelism on the micro­
scopic scale 58 per cent show a segregation of biotite into 
bands, usually in association with other dark minerals, 
while in the remaining 42 per cent the parallelism was 
imparted by a consistent preferential orientation of 
randomly distributed biotite flakes and laths.
In the gneisses showing well defined segregation 
banding the biotite frequently occurs in sheaves or inter- 
grovm with other dark minerals in a mutually interfering 
decussate texture, thus in such cases although a general 
tendency to parallel orientation is maintained, individual 
laths are often oblique or even at right angles to the 
general foliation.
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Miere scattered at random biotite commonly occurs as 
laths or parallel sided plates with ragged terminations, 
the latter sometimes showing embayraents, T'Vhere associated 
with other dark minerals biotite laths commonly penetrate 
these, and in a few cases biotite was seen to be completely 
enclosed (in the plane of the section) in hypersthene, 
hornblende and garnet.
In many of the thin sections of the paragneisses 
examined the biotite is from dark grey-brown, almost 
opaque, to straw yellow, almost colourless, the pleochroism 
covering all ranges between these two extremes but in some 
hypersthene-bearing rocks the biotite is red-brown and in 
some of the garnet-bearing gneisses of the area to the 
west of the Lake it is a distinctive species of a very 
bright red-brown to orange colour with only moderate 
pleochroism. In these garnetiferous rocks some biotite 
is scattered and disoriented but much is clustered near or 
around garnet, which in two of these rocks (2565, 2575) 
shows embayraents and encloses globules of quartz, while 
the biotite itself is partly globular or sutured.
There is a common association of biotite and iron 
ore in many of these rocks, including those in which there
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is an otherwise random distribution of these two minerals. 
The biotite tends to occur as wisps or shreds in contact 
with iron ore, or sometimes completely enclosing it, the 
only mineral it does so at all commonly. Although clusters 
of monazite enclosed in biotite are conspicuous in field 
exposures of gneisses at a few localities in the north­
east of the area, no such occurrences were observed in any 
of the rock sections examined, and in only one case was 
zircon, which is a comraon accessory of these rocks, seen 
to be enclosed in biotite.
The widespread occurrence of biotite throughout the 
area and its occurrence in rocks covering a wide range of 
composition from the most mafic to the most leucocratic 
(in which it is commonly the only ferromagnesian mineral) 
suggests that it is one of the most stable components of 
the mineral assemblages seen in these rocks.
Although sillimanite-bearinq rocks have been recorded as 
occurring in the Basement series in several localities in 
Malawi they are seldom prominently exposed owing to their 
rather soft weathering nature, and in the Port Johnston 
area they were seen in only a few places. Thus only 8 out 
of the 240 paragneisses sectioned were found to contain
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sillimanite? these were all garnet-quartz-microperthite 
rocks.
In these sections the sillimanite is markedly 
nematoblastic and characteristically occurs in rather 
robust prisms of up to 5 mm. in length showing a regular 
pattern of cross fractures. These normally occur in 
parallel intergrowth, but where basal sections are in 
evidence these are seen to be of up to 0.25 mm. across 
and show a well developed cleavage parallel to (010).
The sillimanite bearing rocks are well foliated, 
and in most cases the foliation is marked by both 
sillimanite needles and quartz lenticles in parallel 
orientation. Garnet porphyroblasts commonly lie across 
these planes of foliation, and where this occurs the 
sillimanite needles curve round the garnets whereas the 
quartz lenticles are truncated by them. According to 
Rast (1965) this is the normal relationship between these 
minerals in regionally metamorphosed rocks and indicates 
that the garnet post-dates the quartz and sillimanite in 
the crystallisation sequence, though the mechanics of the 
process of the deflection of the sillimanite needles may 
be ascribed to a number of causes and remains a debatable
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point (op. cit.).
Strain shadows and undulose extinction in sillimanite 
wa-s noted in one rock (2056) in which these features were 
also displayed to a marked degree by quartz and felspar.
Iron ore is present in almost all the paragneisses though 
some of the more leucocratic types carry only a few tiny 
specks. Studies of detritals from rivers draining the area 
and from the beaches of Lake Malawi suggest that the iron 
ores derived from the Basement rocks consist largely of 
ilmenite intergrown with hematite, the ratio of ilmenite 
to hematite being not loss than four to one (Holt 1961, 
Appendix B). Magnetite, though it occurs in the para­
gneisses seems to be more typically a mineral of the 
igneous rocks of the area.
Iron ore by its shape or distribution, or by both, 
always reflects in part the preferred orientations of 
other minerals of the paragneisses, particularly by con­
centration in mafic bands, but also often by the assumption 
of lenticular shapes in the more leucocratic bands of the 
rocks. Its role in this respect seems to be a secondary 
one, in that it never by itself seems to show a preferential
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orientation or distribution where this is not also marked 
by other minerals»
Alteration of iron ore and its association with 
other minerals has already been noted»
Zircon occurs throughout the Fort Johnston area and was 
found in almost every one of the 95 detrital samples 
collected from streams and gulleys during the present 
investigation? it is also one of the principal heavy 
minerals of the Lake Malawi beach sands » This suggests 
a more universal occurrence of zircon throughout the 
Basement series than would appear from studies of the thin 
sections of the paragneisses of the area, in only five per 
cent of which it was observed.
In every case the zircon of these paragneisses was 
seen to be lacking in angularities, the larger occurrences 
(between 0.5 and 0.75 mm. in length) appearing as prisms 
with rounded terminations, the smaller ones (averaging 0.1 
mm. across) as rounded grains or pellets showing only 
slight elongation.
Although colourless, these zircons are frequently 
clouded. This effect can under high power magnification
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foe seen to be due to a very fine three dimensional 
reticulate pattern of internal fractures resembling on 
a microscopic scale that seen in toughened glass after 
shattering. It is clearly a strain effect and is most 
pronounced in rocks that show undulose extinction of 
quartz and felspar (e.g. 4732). Apart from this the 
zircons show little sign of alteration, and evidence of 
zoning or inclusions also seems lacking.
In foliated rocks the zircons show a general 
tendency to parallel or sub-parallel orientation, though 
in two of the more leucocratic gneisses instances were 
noted of zircons enclosed in a quartz mosaic which were 
oriented at right angles to the general foliation. In 
rocks lacking foliation the zircons are disoriented and 
distributed at random; in a few of these (e.g. 3300) some 
of the zircon was seen to be enclosed in biotite, but 
without the production of pleochroic haloes. A more comraon 
association however is that of iron ore and zircon, with 
the former in contact with or totally or partly enveloping 
the latter.
5capolite occurs in 16 of the 31 calc-silicate granulites 
of the Basement series paragneisses examined in thin
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section, in which group it is, apart from clinopyroxene, 
the most widely occurring mineral.
It occurs in some of the finer grained rocks in 
markedly lobate areas entirely lacking in linear margins 
and with apophyses penetrating the interstices between 
other minerals, but in some of the medium^grained rocks it 
occurs in polygonal to sub-rounded grains in an equi- 
granular mosaic with clinopyroxene, calcite or in some 
cases calcic plagioclase.
Under stress conditions where other minerals show 
undulose extinction scapolite is seen to develop fractures 
along which decomposition takes place (e.g. 2075), while 
proximity to igneous intrusions induces intense but uneven 
clouding under conditions in which slight turbidity is 
produced in other minerals, (e.g. 3851).
Scapolite readily alters to fibrous aggregates 
round margins and along internal cracks, the relics of 
such alteration appearing as irregular patches with highly 
crenulate margins.
In some rocks scapolite seems to be in equilibrium
with felspar, but one example was noted of scapolitisation 
of felspar in which wedge-shaped intergrowths of scapolite
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were seen in calcic plagioclase in parallel orientation 
with the twin-lamellae (3364).
In one rock (513) clinopyroxene shows rims of a 
green fibrous material when adjacent to scapolite or calcic 
plagioclase, but not when in contact with quartz.
Calc-silicate rocks of the Basement series are 
typically granulitic, often banded, but with little sign 
of small-scale foliation. One section was however noted 
in which the component grains of the groundmass mosaic, 
including scapolite, showed slight parallel elongation 
(2529), and a further two in which thin bands of a mono- 
mineralic mosaic of scapolite grains marked a planar 
feature.
Considering overall textures, one fact which 
emerges from a microscopic examination of 271 paragneisses 
is that, with the possible exception of the rounding of 
some zircons, features which can be identified as being of 
sedimentary origin are conspicuously lacking. Their 
laminated, or partly laminated structure, although it 
marks the regional strike of the area, occurs in rocks 
lacking in clastic grains, and has therefore to be regarded
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mainly as the result of metamorphic differentiation.
Although the paragneisses are by definition 
layered rocks, and layering was seen in the field to be a 
feature of all the rocks here described, only 50 per cent 
of those sectioned were in the course of routine examina­
tion (i.e. without recourse to universal-stage techniques) 
seen to display planar or linear features on the micro­
scopic scale..
In some of these the laminated structure is seen to 
be imparted by a preferential orientation of flaky or 
tabular minerals scattered at random through the rock.
More commonly however lamination is due to an association 
of grains of one particular mineral or group of minerals 
in parallel or sub-parallel elongate clusters or foliae, 
which are seldom uniformly continuous even on the micro­
scopic scale, but commonly occur en echelon or impersis- 
tently traverse the mounted section of the rock. In such 
bands or lenses the component minerals, which are usually 
mafic, are not normally in uniformly parallel orientation, 
but tend to form intergrowths in which a proportion of the 
laths or plates are oblique, or even at right angles to 
the general plane of banding or layering.
Figure 14.
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Thus it may foe seen that the resulting texture, 
which even on the scale of the average thin section (rather 
less than one inch square) consists of a predominantly 
granular matrix penetrated by impersistent bands of platy 
or flaky minerals, is typically gneissic rather than 
schistose.
In the 50 per cent of the paragneisses which were 
not seen to display directional features, and the quartzo- 
felspathic matrices of those that do, textures are 
somewhat variable. They are generally medium-grained 
hov/ever, with an average grain size of about 1 mm. and a 
fairly restricted range of variation in any one section.
A notable feature is however that truly equigranular 
textures and granoblastic mosaics are conspicuously 
lacking. These rocks cannot therefore be regarded as true 
granulites within the strict sense of the term as originally 
applied to the rocks of the North-West Highlands of 
Scotland, which were described as being composed of even­
sized interlocking granular minerals (Tea11 1907).
The difficulty in classifying these Fort Johnston 
rocks on their textural features is further complicated 
by the fact that although they are generally inequigranular
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the differences in the grain size of the components, 
except in the case of some microperthite and garnet 
bearing rocks, is insufficient to justify the description 
porphyroblastic, particularly if the term is taken to mean 
that all the grains of one or more of the mineral con­
stituents consistently achieve a grain size several times 
greater than the rest.
The lack of 'platten quartz' in the Fort Johnston 
rocks, and the fact that they cannot be regarded as 
granulites in the sense of the term as applied by German 
and Finnish petrologists to quartzofelspathic garnet or 
pyroxene-gneisses in which quartz occurs as flattened 
leaves, a use of the terra accepted by Eskola (1939) as 
defining an essential feature of high-grade deep seated 
regional metamorphism, has already been noted.
Although strained quartz and felspar are a common 
feature of the Fort Johnston paragneisses, evidence of 
actual rupture and differential movement in these rocks 
is restricted to certain well defined zones of dislocation 
most of which are related to Rift faulting. The prevailing 
fabric is that which Turner and Verhoogen (1960 p.592) 
ascribe to chemical reconstitution involving growth of new
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minerals in a solid medium, and was first described by 
Beeke (1913) as crystalloblastic. Not only the textures 
but the heterogeneity of these rocks on all scales provides 
good evidence that they can hardly have suffered widespread 
mobilisation, and the concept that they reached their 
present state by growth of minerals in a solid medium under 
relatively unstressed conditions is not only petrogenetic- 
ally important, but also provides opportunity for their 
classification as granulites in a generally accepted but 
extended sense of the term beyond that originally proposed 
by Weiss or adopted by Eskola.
Turner (1943 p.11) has provided a useful definition 
of this extended use of the term by stating that granulites 
ares -
'Relatively coarse grained rocks in whose structure the 
obvious effects of crystallisation outweigh those of 
deformation. Schistosity is less conspicuous and less 
regular than in slates and schists but this is partly due 
to a high content of minerals such as quartz and felspar. 
Segregation bands tend to be less streaky and less 
continuous than in schists'.
This description conveniently fits the parameta- 
morphic rocks of the Basement Series of the Port Johnston 
area, which may therefore be described as granulites (or
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granulitic gneisses) provided that it is understood that 
the term is applied without implication of facies 
significance, or inferring that they are markedly equi­
granular o
Rocks which can be regarded as being homogeneously 
schistose, even on the microscopic scale are therefore 
virtually absent from the area. This is a fact worthy of 
particular note, as parts of the Malawi Basement have been 
described in which schists are prominent (Bloomfield 1963)
Such inhomogeneities serve to emphasise a signifi­
cant feature of these rocks however? that they are 
texturally transitional in character, not schistose or 
wholly gneissic, not truly granulitic, not generally 
porphyroblastic, yet having affinities with all these 
groups. This transitional nature of their textures, which 
has an important petrogenetic significance and can be 
matched by the transitional nature of their mineral assem­
blages with respect to the facies classification will be 
discussed in a later section (See Section 3 below)„
One of the characteristics of crystalloblastic 
fabrics noted by Becke (op. cit.) when he introduced that 
term (originally in relation to crystalline schists, and
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therefore in a more restricted sense than that now adopted 
by Turner and Verhoogen) was that their component minerals 
could be arranged in a crystalloblastic series in order of 
decreasing force of crystallisation.
Although the basic idea of the importance of force 
of crystallisation in determining the degree ôf idiomor- 
phism adopted in metamorphic rocks by individual minerals 
has been shown to be based on a misconception of the nature 
of nucléation and mode of growth of minerals in a solid 
medium, and on an overestimation of the force of crystal­
lisation a growing mineral can exert (Rast et. al. in 
Pitcher and Flinn 1965), in the light of new work, studies 
of the textural relationship of minerals in metamorphic 
rocks and their degree of idiomorphism are now regarded as 
more important than ever.
To conclude this section an overall assessment of 
the textures of these Fort Johnston rocks in the light of 
this new work is now put forward therefore.
It has already been stated that evidence of the 
occurrence of original sedimentary structures or clastic 
grains is generally lacking in these rocks? it should be
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noted however that in the small proportion of rocks that 
carry zircons these are well rounded and without zoning 
or overgrowths, and that they may well represent the sole 
surviving relic of sedimentary material derived from pre­
existing rocks without recrystallisation.
The quartz and felspar which form the matrix of the 
majority of these rocks exhibit a basic polygonal grain 
structure with curved boundaries and with a tendency for 
the more minor constituents where these are not concentrated 
in bands to aggregate at the triple boundaries. Integrated 
with this groundmass texture, sometimes completely 
dominating it, is the banding or foliation produced by the 
arrangement and distribution of mafic minerals and iron 
ore, which if a crystalloblastic origin for these rocks 
is accepted must be regarded as being at least partly 
mimetic after original banding. These combine in an 
uncomplicated texture partly gneissic but basically equi­
granular and granulitic in the sense of the term as 
originally defined, and explicable in terms of annealing 
recrystallisation after deformation (Flinn 1965) or 
nucléation and growth under static conditions (Rast 1965)„
This is the fundamental texture of which there is
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relict evidence in many of the rocks, but which has been 
overprinted and modified to a greater or lesser extent 
throughout the Basement Series of the area by the processes 
of dissolution and regrowth of minerals and the building 
up of new mineral phases, a process which has been noted 
in the account already given of the features of the 
individual minerals. Most notable among the changes that 
have disturbed the equigranular texture is the development 
of microperthite, the dissolution of orthopyroxene and the 
growth of garnet porphyroblasts, and most general of all, 
the appearance of sutured and amoeboid quartz. Thus the 
formation of disequilibrium textures and the destruction 
of homogeneity of fabric are part of the same process, and 
have a common cause, the significance of which is discussed 
below (Section 3).
Evidently later, and more local are the mineral 
transitions and effects of clouding in garnet and pyroxene 
noted near igneous intrusions, the formation of cataclasites 
along zones of dislocation associated with Rift Valley 
faulting, and the formation of 'pseudo-granulites' 
(simulating the 'platten quartz’ granulites of Eskola and 
others) by the injection of late quartz in a zone of
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dislocation along the Lusalumwe Valley.
With regard to the possible occurrence of 
charnockites in the Basement Series of Port Johnston, it 
should be noted that according to Holland the one 
'constant feature’ of the hypersthene^earing rocks of 
Peninsula India that he named charnockites is 'the even- 
grained granulitic character of the constituents'
(Holland 1900). Despite much subsequent discussion on 
the use of Holland's term Charnockite Series, and the 
validity of applying the term to hypersthene-bearing rocks 
of varying composition in other parts of the world, the 
requirement that such rocks, in addition to carrying 
hypersthene should have an even^^grained character is still 
generally accepted, and even emphasised (Quensel 1951).
It must be concluded therefore that evidence on which the 
hypersthene-bearing rocks of the Basement Series of Fort 
Johnston could be classified as true charnockites is 
lacking.
ii) Observed in field (macrotextures)
The paragneisses of the Fort Johnston area can on 
the basis of the field appearance of the arrangement, size
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and distribution of their component minerals be divided 
into three main groups as follows:-
(i) The 'normal' banded and foliated gneisses which 
are by far the most common rock type, not only in the 
Fort Johnston area but also throughout the Basement Series 
of Malawi.
(ii) The more even-grained granulitic types, which are 
usually monomineralie, or nearly so, and which although in 
themselves are lacking in well sustained foliation, occur 
as bands or horizons in the foliated gneisses. Subsidiary 
to these, and comraonly occurring marginal to them are the 
streaky or impersistently banded rocks which form transi­
tions to the first type. ,
(iii) The rocks which although predominantly even grained 
and granulitic,can be seen on the scale of the average 
field exposure to be banded by alternating layers of 
differing mineral composition.
In the 'normal foliated gneisses the scale and 
degree of foliation is such that it is nearly always 
discernible in hand specimens, even though it may not
Figure 15
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always be evident in thin section. In hand specimens this 
foliation is seen to be due to a parallel arrangement of 
alternating layers of very thin and elongated lenticular 
aggregates of minerals of like composition. As already 
noted however, even on the microscopic scale there is a 
degree of compositional and textural inhomogeneity within 
these individual layers, and this is further elaborated 
at the scale of the hand specimen, in which the detail form 
of such layering is seen not in fact to be completely 
planar, or even lensoid, but minutely rippled and contorted 
Such rippling is usually only evident on close scrutiny 
however, and on the scale of a single rock exposure the 
foliation generally presents a fairly even appearance 
which generally parallels banding where this is present 
also. At this scale a well sustained and apparently 
planar foliation is generally the predominant structural 
feature therefore. In the field, within the limits of a 
single exposure, it normally has a constant strike and 
dip which can easily be measured with a compass and 
clinometer. It is therefore the surface on which most of 
the dips and strikes were measured in the field, and 
therefore also the surface whose attitude is indicated by
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the dip and strike syrabols shown on the map. The banding 
which forms an integral part of the texture of these 
paragneisses, although almost always present, is more 
apparent in some types than others. A common type in 
which this feature is well developed is striped with 
sharply defined leucocratic bands not more than an inch 
or so thick, giving an impression of 'lit par lit' 
injection of granitic material. In less obviously banded 
types the bands, which may be either more mafic or more 
leucocratic than the whole of the rock, have gradational 
boundaries.
The second main group of rocks of the Basement 
paragneiss series with distinct and characteristic 
textural features, the even-grained granulitic rocks, are 
represented mainly by marbles and quartzites. These 
although generally lacking in directional features as 
marked by orientation of crystal boundaries probably have 
in part a symmetry of fabric expressed by orientation of 
space lattice structure of crystals. A study of such 
rabrics, demanding the use of Universal-stage techniques, 
has not been included in the scope of the present work 
however, as data from other sources seems adequate to
111.
resolve most of the major problems of structural analysis 
of the area.
Marbles occur as bands and lenticles in the 
Basement Series at a number of localities throughout the 
area, both east and west of the Lake. Nowhere are they 
really well exposed however, and even the largest, which 
is apparently some ten miles in length and occupies flat 
country some 20 miles west of the Lake, is exposed only 
in low hummocky exposures. Their texture is typically 
saccharoidal to coarsely granular, with the local develop­
ment of Guhedral calcite which gives the rock a pegmatitic 
appearance. Weathered surfaces of the less pure varieties 
show small knots of greenish or pinkish material scattered 
at random. The smaller lenticles of marble and the 
margins of the larger bands (where they are exposed) show 
mainly parallel orientation of streaks and schlieren of 
calc-silicate minerals and graphite flakes. Some of the 
marbles are partly dolomitic and can be seen after staining 
with Alizarin Red S (Mitchell 1956) to consist of an 
intimate largely decussate intergrowth of calcite and 
dolomite.
The main exposures of quartzite in the area are on
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Dowa Hill west of the Lake and on some smaller hills to 
the north and south of it. These rocks are colourless, 
vitreous, even-grained and composed of a mosaic of 
anhedral quartz grains with a few flecks of decomposed 
felspathic material scattered at random. Due to their 
lack of foliation or banding they resemble vein quartz 
both in hand specimen and in outcrop, and it is only the 
field relations of the Dowa Hill quartz rocks as a whole 
that show them to be part of the Basement Series.
Predominantly leucocratic gneisses with well- 
defined parallel bands of darker material varying from a 
fraction of an inch to several hundred feet in thickness 
and traceable laterally for several miles along the strike 
have been described (Morel 1963; Walshaw 1965) as con­
stituting a distinct lithological type in the Basement 
Series of the Ncheu area, west of the area covered by the 
present account, and similar rocks also occur commonly in 
the Port Johnston area east of Mangoche. In these gneisses 
the darker layers are in part foliated, so that in fact the 
overall banding results from an alternation of textural as 
well as compositional types. The regularity of succession 
of banding throughout the series is such that, although it
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would not norraally be in evidence in single hand specimens 
(unless specially selected), it is nearly always apparent 
in individual outcrops. At this scale the banded gneisses 
have to be regarded as constituting a distinct textural 
as well as lithological type therefore.
Either foliation or banding, or more conaaonly both, 
are thus seen to be present throughout almost the whole of 
the Basement Series and to constitute the most prominent 
' form surface' in these rocks, which is also seen to be 
generally planar on the macroscopic scale.
As already noted above in the discussion of micro- 
textures, the effects of dislocation metamorphism are con­
fined to certain v/ell defined zones in the Fort Johnston 
area? in the field a few mylonites have been noted on 
lines of Rift faulting •fcliough they are not normally well 
exposed owing to their soft weathering properties, and 
augen-gneisses have been noted in a fev; localities on the 
line of mappable dislocations (such as the Khoche fault in 
the west of the area) and in the vicinity of the Mauni/
Bijarabe granite complex. Apart from these localised 
occurrences augen-gneisses are not however conspicuous in 
the Basement Series of the area.
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The possibility that some of the orthopyroxene 
bearing gneisses of the area might be regarded as 
charnockites has already been considered on the evidence of 
their microtextures, but a further diagnostic feature of 
these rocks, and one which is considered by some petrolo­
gists as being at least as important as that of texture 
is their characteristic appearance in hand specimen. This 
view has been summed up by Howie (1964) in describing 
charnockites from the type area in Idadras who states that: 
'the dark olive-brown colour is such that no ferromagnesian 
minerals can be distinguished from quartz and felspars in 
hand specimen, and indeed, along with the presence of 
ortho rhombic pyroxene, this is one of the most character­
istic features of the charnockitic suite.' The fact that 
in the orthopyroxene bearing rocks of the Fort Johnston 
area the ferromagnesian minerals are clearly distinguishable 
frora quartz and felspars in the hand specimen confirms the 
view already expressed that they cannot be regarded as true 
charnockites. They are however dark in colour, but grey- 
green or yellowish rather than brown, and this feature, 
together with their characteristic greasy appearance on 
freshly broken surfaces serves to distinguish them from the
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hornblende and biotite-gneisses. Thus on the evidence of 
their appearance in hand specimen as well as that of their 
microtextures and mineral composition they may however be 
said to have definite charnockitic affinities.
b) Structural features
i) Observed in field
Although foliation and banding constitute the most 
conspicuous textural and structural elements of the para­
gneiss series and mark the fundamental form surface on 
which the structural mapping of the area is based, other 
structural elements loss prominent and less widely developed 
are of some significance.
Many foliation surfaces in the gneisses show a 
development of lineation. This is most often expressed in 
the form of a fine regular ribbing, but it varies from an 
almost imperceptible striation to a coarse mullioning.
The fine striations are usually defined by an elongation 
of mineral grains, particularly hornblende or blebs of 
guartzofelspathic material, whereas the fine ribbing is 
due to the puckering or rippling of the foliation planes 
already described, developed into a regular pattern of
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m i c r ofolding. In a few localities the lineation seems 
to be due to an intersection of a second less well 
developed foliation surface with that of the main one.
A strong development of mu11ions was noted in one locality 
only? in a stream bed south of Dowa Hill on the axis of 
the Dowa anticline quartzofelspathic granulites lacking 
in distinct foliation are weathered into rods and mu11ions 
defined by a strong fracture pattern.
These mullions are demonstrably parallel with the 
axis of the Dowa anticline as apparent on air photographs, 
and provide a good illustration of a principle that seems 
to apply throughout the area, that lineations are 
generally parallel to the axes of the larger folds.
Although joints were not mapped in detail during 
the course of the present investigation, a degree of 
symmetry of jointing with foliation, lineation, and with 
minor folding as discernible in the field, was repeatedly 
noted throughout the area almost everyv;here where exposures 
were good enough to reveal these relationships.
Flaggy gneisses characterised by a development of
close jointing parallel with the foliation are common in 
certain localities but most generally occurring are joints
Figure 16.
m
Folding, oblique jointing, a-c joints, in flaggv 
quartzofelspathic gneiss.
Khoche stream.
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which are normal to the foliation. T^ There lineations are 
present these are often seen to be intersected at angles 
of about 40® to 60® by these joints which are therefore 
seen to be oblique v/ith respect to the major fold axes. 
Less common, but often occurring in association with 
oblique joints are a second set of joints which are normal 
to both the foliation and the lineation (a-c joints).
V'ihere these a-c joints cut minor folds, and joint faces 
are exposed a true profile of the folding may be revealed. 
k spectacular example of this, as well as of the develop­
ment of both oblique jointing and foliation jointing was 
seen in the bed of the Khoche Stream near the crest of 
the Dowa anticline, and is shown in Figure 16.
In terrains of highly metamorphic rocks such as 
that which includes the Fort Johnston area where evidence 
of bedding and distinct lithological horizons of anything 
near constant thickness is lacking, boundary mapping is 
generally not practiccible, and even where it can be 
carried out, of restricted value.
A consideration of the boundaries, shape and 
general mode of occurrence of the bands of marble which 
rorm the most distinct lithological type in the Easement
Figure 17.
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Series is however important and relevant to a better 
understanding of the tectonic style of the area, if not 
to the establisliraent of an actual sequence.
Although such formations are seldom well exposed 
a detailed investigation carried out in 1937 by the 
Geological Survey of a massive garnet deposit associated 
with what may be regarded as a fairly typical Basement 
Series limestone of the area provides useful information 
on the structure of the marble (Alexander 1938).
Trenching and detailed mapping carried out in the 
vicinity of this marble show that within a strike length 
of just over 600 feet it consists of four separate lenti­
cular bodies, the largest being some 250 feet in length 
and the smallest about 20 feet (Figure 17). Thicknesses 
vary from about 50 feet dov/n to 10 feet, and the thickest 
body bifurcates at its north-east extremity into two 
parallel dipping bodies. Dips of contacts are generally 
south-eastward and concordant with the enclosing gneisses, 
though the marble is partly transgressive to the gneisses 
in the form of minute veinlets, and as veins up to two 
feet across. In places broken and shattered fragments of 
gneiss seen floating in the marble further demonstrate a
Figure 18,
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partial mobility and flow on the part of this rock.
The relationships are thus seen to be the same as 
those seen in a larger and much better exposed Basement 
Series marble occurring some 80 miles to the south of the 
Fort Johnston area at Changalumi Hill and described in
some detail by Garson (1955)„
One of the most conspicuous features of the 
Changalumi marble is the occurrence of boulders of all 
types of country rock gneiss embedded in it along the
crest line of its outcrop. These are so abundant at its
northern end that the limestone body takes on the appear­
ance of a breccia. The inclusions of gneiss provide 
spectacular evidence of flow of the surrounding medium, 
some being split open and penetrated by veins of marble 
while others are shattered and spread out in the form of 
trails of angular fragments. In some cases slabs of gneiss 
have developed curved extremities on the concave side of
which are accumulations of graphite flakes which have the
iX
appearance of having been concentrated^wake of a moving 
object. Other thin slabs have been bent over and then 
rolled into cylinders.
Garson interprets these features as indicating
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isoclinal folding of the marble during the period of which 
it broke through its anticlinal roof and engulfed a crestal 
infold of gneiss, the process having taken place at a 
relatively low temperature. The age of this event is 
placed at pre-Rift fault times, since the flow structures 
are cut by main Rift faults, and also pre-Chilv/a Alkaline 
province since the formation is cut by undisturbed 
lamprophyre, phonolite and dolerite dykes.
A similar explanation may be offered to account 
for the same features seen in the Fort Johnston marble 
mentioned above, and this would give an indication of the 
possible general nature and timing of the latest episode 
of folding throughout the area, even though the marble is 
a rock with such an extremely lov; yield point that its 
behaviour under de formation would not necessarily typify 
tlie behaviour of the paragneiss series as a whole.
Although the crystallographic orientation of the 
component grains of the main bodies of marbles probably 
attain homogeneity dovrn to the granular scale (due to their 
plasticity) the contacts of such bodies are thus seen to 
be largely incongruent with respect to all structural 
elements smaller than themselves.
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As already noted in the 'normal' gneisses the grain 
fabric is inhomogeneous on the microscopic scale with 
respect to foliation, and the foliation is in itself not 
in detail homogeneous with the larger fold structures 
visible in the field and on the air photographs due to its 
partly lensoid nature and the presence of some non-affine 
microfolding; yet in the main it attains a high degree of 
statistical homogeneity with these structures.
As also already noted mullioning has been seen which 
is homogeneous with larger scale folds of which it defines 
the B axis, and this is probably true also of the majority 
of the smaller lineations, though some of these may be 
homogeneous with smaller folds which may not be symmetrical 
to the larger structures (e.g. the small dome at the left 
hand side of Fig. 16).
Although both oblique and ac~joints are individually 
variable they probably achieve a fairly high degree of 
homogeneity with the macroscopic folding.
In the absence of a large number of measurements 
features other than foliation this homogeneity of fabric 
St the macroscopic scale as between different structural
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elements cannot be demonstrated statistically. With 
respect to foliation itself however, a monoclinic symmetry 
of fabric at the scale of adjacent related exposures may 
be demonstrated by plotting field data on a series of 
stereograms „
The nature and oricfin of the foliation of the 
paragneisses and whether or not it represents original 
bedding is a question of fundamental importance in relation 
not only to a structural interpretation of the area, but 
also to an understanding of the petrogenesis of the rocks 
themselves.
As already stated it is difficult to envisage the 
development of such widespread foliation and banding at 
all scales other than by development from an original series 
of stratified rocks of at least partly sedimentary origin; 
the paragneisses are therefore regarded as a layered series 
of largely crystalloblastic rocks developed from an 
originally layered series of largely clastic rocks. This 
is a widely held view of the nature and origin of layered 
gneiss complexes generally, and one to which those of 
Malawi provide no contradictory evidence. The question 
whether such recrvstallisation occurs with mere
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re-orientation (i.e. folding) or complete transposition 
and transformation of such bedding features is less 
universally agreed on, probably because either factor can 
predominate, depending on pressure and temperature con­
ditions and rate and degree of def.>rmation.
The most generally held view of the paragneisses 
of the Basement of Malawi seems to be that in these the 
foliation coincides with the original bedding (Morel 1958, 
Habgood 1959, Bloomfield 1958, Evans 1961). The reason 
given for this view is that a generally conformable 
relationship appears to exist between recognisable 
metasedimentary horizons such as marbles, psammites and 
politic schists and the foliation of the surrounding 
gneisses. (Bloomfield 1963).
Such me ta s edimentary horizons are not abundant in 
the Basement of Malawi however, and as has already been 
seen, some of the marbles are markedly impersistent and 
lenticular. Garson (1955) depicts the Changalumi lime­
stone as being impers is tent downwards as v/ell as 
laterally (op. cit. Fig.2). The shape and form of such 
limestone bodies is thus demonstrably the result of 
response to deformation rather than a relic of original
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bedding. The same is probably true of many other Basement 
Series marbles, and also possibly some of the more pelitic 
horizons, whose degree of competency might under some con­
ditions approach that of marble.
Furthermore a general parallelism of outcrop of 
such bodies with the trace of foliation on outcrop surfaces 
does not necessarily indicate conformity of the two 
features. Both may trend parallel to the axial plane of 
folding, but have different attitudes normal to that plane. 
LJhile it is usually possible to measure dip of foli^ation 
and banding without difficuJ.ty, metasedimentary horizons 
are usually too highly contorted and migmatised for bedding 
dip to be recognised or measured. Evidence of the 
impossibility of mapping such bedding features on any 
scale is provided by the fact that despite the desirability 
of producing a map of the crystalline rocks of Malawi based 
on lithology, no such map has yet been produced.
In the circumstances the view is preferred that 
although foliation and banding are normally moulded from 
bedding they cannot necessarily be regarded as being 
coincident with it. In the Katanga system of Zambia where 
a coincidence of bedding and foliation has long been
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assumed to occur it has recently been shown that where 
primary folds can be recognised foliation and schistosity 
are co-planar with the axial planes of folds ; thus they 
define the plane of movement during folding (de Swardt 
at. alo 1964). Folds of schistosity and foliation are 
therefore refolds, and not primary structures as had been 
previously thought.
Although such primary folding has not yet been 
recognised in the Basement of Malawi it seems that a 
similar origin of foliation is likely and would account 
for the general conformity of banding and foliation with 
the axes of elongation of lenticular limestones and other 
metasedimentary formations.
Furthermore although cross-foliation is not a 
common feature of the Basement of Malawi, the fact that 
it does occur (Fig.15Q) suggests that even some quite 
normal looking gneissic banding and foliation may be 
primarily of tectonic origin.
ii) Observed air/ground (megastructures)
It is perhaps unfortunate that the science of the , 
study of geological features through the medium of
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air photographs has come to be known as photogeology, for 
this term, besides being somewhat inappropriate termine- 
logically, tends to obscure the fact that this highly 
important new field of geology is concerned mainly with 
a study of large scale visible features of the earth's 
surface in terms of the more long-established and classic 
branches of geology. Thus photogeology may be regarded 
as a part of structural geology, geomorphology, strati­
graphy or other geological sciences in which visual 
evidence on the grand scale is examined and interpreted 
through the medium of air photographs.
In structural geology therefore a study and inter­
pretation of the features so revealed may be regarded 
simply as an extension of structural analysis to the 
megascopic scale.
In order for such studies at the megascopic scale 
to be integrated with studies at other scales identity of 
structural elements comiuon to all has first to be 
established however.
The basic structural feature evident in an air/ 
ground view of metamorphic terrains is the lineament, a 
feature which has been defined as a significant line of
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landscape which reveals the hidden architecture of the 
rock basement, or more simply, a topographic line that is 
structurally controlled (A.G.I. Glossary of Geology 1950),
According to Allum (1961) in areas of regional 
metamorphism air photographs indicate either the strike 
of bedding or foliation, or often both, these features 
being distinguishable from each other by the fact that 
they are characterised by fundamentally different types 
of lineament. Allum (op. cit.) gives useful criteria for 
distinguishing these types of lineament. Those controlled 
by foliation are parallel to one another over large areas 
(because foliation results from regional stress), they 
are exceedingly numerous but each one is short or imper- 
sistent. Thus although the general pattern of lineament 
resulting from foliation may cross drainage features and 
joint patterns, individual lineaments do not. Bedding 
lineaments on the other hand are long as compared with 
foliation lineaments, are more evenly spaced and limited 
in number, and may be marked by parallel ridges or valleys, 
They may be crossed by other features or covered by drift, 
but their continuity across or under these can often be
recognised.
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It should bo stressed however that the occurrence 
of what Allum classes as bedding lineaments cannot 
always be taken as an indication of the occurrence of true 
bedding or of horizons of metasediments in a paragneiss 
series. Such features can undoubtedly result from 
selective metasomatism giving rise to the formation of 
permeation gneisses along certain well-defined horizons; 
like foliation those would be modelled on bedding, but 
would not necessarily be coincident with it.
In most of the Fort Johnston area whore outcrops 
of the paragneiss series occur lineaments of both types 
are visible on the air photographs. The bedding type of 
lineaments do not however correlate on the ground with the 
occurrence of recognisable me ta sediments, or even with 
horizons of rocks of particularly distinctive lithology. 
Furthermore the rocks most clearly recognisable in the 
field as metasediments, such as limestones and calc- 
silicate rocks, are not identifiable as such on the air 
photographs. The bedding type of lineaments of the Fort 
Johnston area must therefore be attributed at least 
purtly to the occurrence of permeation gneisses, which 
51 chough not particularly distinct in the hand specimen
1x9
nevertheless have in the mass certain weathering charac­
teristics which give them a characteristic tone and 
texture on the air photographs.
Such structural elements, since they are apparent 
on the macroscopic scale only, have to be considered apart 
from such features as foliation which are visible at other 
scales also.
It may be noted however that the two types of 
lineaments are usually parallel where they occur together. 
This reflects the fact that although they are not 
necessarily coincident, they are related features which 
in the Fort Johnston area are nearly always steeply 
dipping.
Unfortunately graphical methods of structural 
analysis cannot be based on measurements of foliation 
obtained solely from air photographs because although the 
strike is often seen and can be accurately mecisured, when 
the dip is steep it can seldom be easily determined either 
with respect to direction or degree. For the construction 
of stereograms the air photo data has to be augmented with 
information obtained on the ground therefore.
OF THE
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The IT poles of the foliation planes for various 
fields east and west of the Lake have been plotted 
stereographically and it is seen that for part of the 
field east of the Lake the monoclinic fabric of the 
macroscopic scale is superseded by a marked triclinic 
fabric. For some other fields the fabric is no longer 
homogeneous and this is in accordance with the principle 
that with increase in scale homogeneity of fabric with 
respect to any particular structural element tends to 
decrease.
The schematic map (Fig.19) which records informa­
tion derived from air photographs and from ground 
observations reveals a dis tinctive and variable pattern- 
In the south-east foliation and lineaments define a series 
of roughly ovoid closed structures which are hereafter 
referred to as domes or basins. In the north and west the 
pattern is more irregular with local strong curvature of 
trends.
Although the triclinic fabric and closed structures 
evident in fields east of the Lake appears to be the 
result of cross folding, the lack of statistical informa­
tion relating to structural elements other than foliation
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precludes the possibility of interpreting this fabric from 
the stereograms in terms of the geometrical relationship 
of the axes of the component folds. Ramsay (1962) shows 
however that this can often be ascertained on a non- 
statistical basis from an examination of the interference 
patterns produced by the superposition of these folds.
The fact that some of the patterns displayed on the 
schematic map (Fig.19) correspond closely to some of those 
described and discussed by Ramsay (op. cit.) suggests a 
possible solution to this problem therefore. To complete 
the present section it is therefore proposed to describe 
briefly each of the major structural features of the Fort 
Johnston area in order of their occurrence from south to 
north, taking first those on the east side of the Lake, 
then those on the west side.
These descriptions then form the basis for a 
consideration in the section that follows of the mutual 
relationship of these individual structures, and their 
possible significance as elements of a regional inter­
ference pattern covering the area as a whole and indicating 
the occurrence of cross folding on the grand scale.
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East of Lake Malawi
The Hchesera Dome. In the extreme south-east of the area 
mapped lies the syenite intrusion which forms the Nchesera 
Hillso The international boundary and the southern 
boundary of the nap intersect at an angle of 50 degrees 
on Nchesera Hill itself, and within this angle, to the 
north-west within Malawi Territory, resistant outcrops of 
felspathic gneisses of the banded gneiss series (see below) 
form a perfect arc centred on Nchesera Hill. The dips in 
the gneisses are all outwards, as are those in all other 
gneiss outcrops within this arc for a distance of ten 
miles from Nchesera.
The Mangoche Trough. Ton miles to the west of the 
Nchesera Hills lies an elliptical intrusion of hornblende- 
bio cite-syenite approxiraately 12 miles in length along its 
ma]or axis and about 8 miles across which forms the 
Mangoche Massif rising 3,000 feet from the surrounding 
plains.
The southern extremity of this massif lies in 
unmapped territory, but dips in the gneisses round the 
major part of the intrusive, which lies in the area
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covered by the present thesis, although not numerous 
because these gneisses are not well exposed, were all 
found to be towards the massif for about a distance of 
two miles from, its margin. The Mangoche syenite thus 
appears to lie in a structural trough in the Basement 
gneisses. That this trough closes to the south cannot be 
established without further mapping, but the elliptical 
shape of the mass £is shown by its outcrop suggests that 
it may well do so, and therefore may occupy a complete 
s tructural bas in.
The Chilanqa Dome. Seven miles east of the southern end 
of Lake Malawi and•ten miles north-west of the centre of 
the Mangoche Massif at an altitude of between 3,000 and 
4,200 feet lie the Chilanga Hills which mark the centre 
of an area of granulitic perthosite. The area underlain 
by perthosite is elliptical, approximately four miles in 
length and two miles in width, and elongated north/south.
Within an area two to four miles in width round 
the southern half of this perthosite dips in the 
surrounding gneisses are outwards. To the west and 
north-west the ground is not very well exposed, but the 
air photographs show lineaments concentric with the
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perthosite and field measurements reveal some outward 
dips. To the north-east the structure is obscured by- 
drift to within a quarter of a mile of the perthosite, but 
at its margin there are some faint lineaments that suggest 
a continuity of the peripheral strike.
The apparent continuity of outward dips round the 
periphery of the perthosite, and the fact -that these 
persist for nearly four miles from its margin in the south 
and south-west sectors suggest -that the perthosite 
occupies the centre of a large closed s-true-cure. Although 
evidence of this closure is not completely conclusive as 
far as the north-east sec-for is concerned the structural 
map (Fig.19) gives a strong overall impression that such 
a dome some six miles in wid'th and abou't ten in length 
does in fact exist, certainly there is no evidence 
contradictory to this either on the ground or on the air 
photographs.
The Chinyamota Antiform. Lying seven miles to the north- 
V7est of the Chilanga Dome and possibly separated from it 
bj/ a concealed synformal flexure parallel with the 
Lusalumwe Valley is an antiform some three miles across, 
with Chinyamota Hill, a ‘sugar loaf of migmatitic
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syenite (Holt 1961) situated on its crest. The Chinyamota 
antiform is sandwiched between the much larger structural 
units of the Chilanga dome and the Namitembo basin to the 
north-west (see below) and would appear to represent a 
iiiesoscalo flexure between these two raagastructures which 
is not entirely congruent with either.
The Naiviitembo Basin. In the region of Namitembo Hill ten 
miles to the north-west of the Chilanga Hills near the 
edge of the Rift Valley active erosion along the escarp- 
ment has etched into clear relief an elliptical structure 
marked by a series of parallel ridges up to 300 feet in 
height. These ridges consist of horizons of biotite- 
gneiss and quartzofelspathic-gneiss separated by less 
felspathic horizons including calc-silicate g:..eiss and 
lenticular bodies of limestone all showing dips inwards 
towards the centre of the ellipse. The feature is there­
fore a structural basin (Fig.22) and its position shows it 
to be complementary to the Chilanga dome. It is approxi­
mately six miles in length along the major axis of the 
ellipse, which is north/south, and its total width appears 
to be about four miles. As it is cut by a main Rift fault 
on its western side its western extremity lies beneath
136
drift, however, and is not seen.
Tha Ma!cv;erani Dome. Nearly 20 miles to the north-west of 
Nchesera Hill and also exactly on the international 
boundary lies the granulitic perthosite which forms 
Makwerani Hill. The hill is surrounded by the residual 
drifts of the Namweras plain, but three miles to the south­
east of it an arc of quartzofelspathic and hornblende 
gneisses crops out from beneath these drifts. This arc, 
which is some four miles in length, consists of a series 
of related outcrops similar to those disposed round 
Nchesera Hill, and the dips radiate outwards from the 
central syenite in the same manner. Tliree miles due west 
of iiakwerani Hill dips in an outcrop of gneisses in the 
Luchimwa stream are westwards and suggest a continuity of 
this radial pattern of dips to the west of the hill.
Chonde Hill, two miles north of Ilakv/erani, is composed of 
a granulitic perthosite similar to that of Cfesrrcte itself, 
but dips in gneisses at the southern foot of this hill are 
southwards, and therefore consistent with the general 
patlern of domal structure round the Makwerani perthosite.
The Hindi 'Antiform' . Eight miles north-west of Makwerani
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Hill rising over a thousand feet from the Namweras plain 
and surrounded by residual drifts stands H i n d i  Hill. It 
marks the termination of a sill of leucocratic perthosite 
which extends for 15 miles in a sinuous curve to the edge 
of the Rift escarpment near the Lusalumwe stream and which 
forms the Matemangv/e range and the Ngornbe to Manjecela 
chain of hills. This perthosite, although it is intrusive, 
and therefore not part of the paragneiss series (Holt 1961), 
because of its conformity with the foliation and banding 
of the paragneisses where these can be observed together, 
may be regarded as an indicator of direction of this 
foliation where the gneisses themselves are concealed 
beneath the drift. Thus the Hindi hills appear to mark 
the closure of the large antiform seen in the Basement 
gneisses to the north-west of Hindi (Holt op. cit.), but 
which disappears beneath the drift some five miles from it.
From H i n d i  the axis of this anti form swings from 
1ÏÏ4-SE to E“"W, at the same time broadening out so that where 
it is cut by the main Rift escarpment twelve miles north 
of Hindi it is some nine miles across. From where the 
antiform emerges from beneath the drift it is a well- 
defined feature with consistently parallel trends of
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foliation and outward dips of from 50° to 70° on both 
limbs. The crestal zone is more complex however and 
includes some incongruent trends in the region of 
Nambawala Hill.
To the west of the main Rift the swing of the 
antiformal axis is maintained so that in the fault block 
of Basement rocks which forms a shelf below the main Rift 
fault north of the Lingv/ena river the axial trend becomes 
NNE-’SSW.
The Nsondole synformo Situated in the extreme north-east
of the area Nsondoie Mountain, a large inselbarg rising to
5,394 feet, is the highest and one of the most spectacular
of the Fort Johnston peaks (Fig.39). Its particular
structural interest lies in the fact that the main massif
of the mountain is rimmed on its south-western side by an
arcuate ridge of low hills which rise steeply from the
surrounding plains, but form a topographic surface sloping
gently towards the central massif. Furthermore, the
central massif itself is horseshoe-shaped in plan and
syirmetrically placed in relation to the outer rim, so
that the whole complex forms an almost perfect topographic 
synform closing to the south-west (Fig.24).
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Although the Nsondoie complex consists entirely of 
syenitic igneous rocks and projects from a mantle of 
residual drifts so that the relation of these syenites 
with the rocks into which they are emplaced is obscure, 
the synformal shape of its outcrop, which is spectacular 
both on the ground and on the air photographs, may be
regarded as an element of the regional structural pattern.
West of Lake Malawi
The Manjawira synforin. In the extreme south of the area 
the road leading west from Fort Johnston to Chiripa, after 
traversing lacustrine drifts for nine miles, ascends into 
the gneiss country of the Chiripa plateau. In the first
three miles of the gneiss country traversed by this road
the strike is uniformly nearly NS and the dip westwards. 
Shortly before reaching the village of Manjawira a 
synformal axis is crossed, and from there for the next 
tv;o miles the dips are eastwards. The Man jawira syn form 
IS some three miles across. To the east it disappears 
beneath lacustrine drifts, though there is some evidence 
of a complementary antiform further north (see below).
To the west is the complementary feature of the Man jawira
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antiform. To the north it is cut by the intrusive granites 
of the Ntamba/Mauni igneous complex.
The Manjawira antiform. Just over two miles west of 
Manjawira on the Chiripa road dips in the gneisses again 
become westwards, indicating that the axis of the antiform 
complementary to the Manjawira synform has been crossed. 
Dips in the gneisses north of the road and lineaments on 
the air photographs indicate the northwards extension of 
this structure to where its eastern limb is cut by the 
Mtamba/Mauni granites.
The Mitawa synform. Six miles west of Manjawira the 
village of Mitawa is an isolated settlement in a tract of 
otherwise uninhabited bush country. In the immediate 
vicinity of the village the terrain is flat and feature­
less and exposures of gneisses are low and hummocky and 
show no clear directional features. Lineaments are also 
lacking on the air photographs of this area. One mile to 
the north of the village however there is a swing in the 
strike of the gneisses from NE-SW through E-W to NV7-SE.
Dips are shallow and variable. This swing of strike is 
confirmed by an arc of lineaments on the air photographs
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and also by the lines of force on the aeroraagnetic survey 
map (Fig.25). The same pattern of swing of strike is 
repeated south of Mitawa and seems to indicate the existence 
of a synform complementary to the Manjawira antiform with 
its axis running NS in the vicinity of Mitawa. That this 
syn form has very steep lirribs is indicated by vertical dips 
on either flank of its inferred axis south-east and south­
west of Mitawa. The Mitawa synform merges with the much 
larger Matekenya synform to the north, in which it appears 
to represent an eastward flexure.
The Matekenya synforra. The village of Matekenya lies 
twelve miles due north of Mitawa, and between the two is 
an expanse of rather featureless country of up to three 
miles in width in which many hummocky discontinuous 
outcrops of white crystalline limestone and leucocratic 
gneiss occur. To the east and west of this flat country 
are hills and ridges of massive pyroxene and biotite-gneiss 
in which dips are uniformly towards the central limestone 
area. The feature thus constitutes a synform, and it is 
the major structural feature of the area mapped west of 
the Lake. Its western limit lies beyond the western 
boundary of the mapped area. Its eastern limit marked
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by the parallel trending Manjawira antiform and the anti- 
formal flexures to the north of it.
In plan the Matekenya synform is much attenuated at 
its northern and southern extremities, so that it would 
appear to have the form of an elongated basin the general 
shape of which may be compared to that of a canoe.
The Dowa s ^ f o r m . Dowa Hill consists of a ridge of glassy 
quartz largely lacking in directional features situated 
north-west of the Ntamba/Mauni complex. Its existence may 
be due to fusion of quartzites and quartzofelspathic 
gneisses in the core of a tight fold.
c) Structural interpretation of observed features 
i) Tectonic style and structure.
The foregoing descriptions of individual structural 
units, and the evidence provided by the map showing 
lineaments and dip of foliation (Fig.19) serve to emphasise 
three salient features of the structure of the Fort 
Johnston area, namely that:-
à.) Although folds with a predominantly N-S Mozambiquian
trend probably exist throughout the area, they are so
Figure 20
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modified east of the Lake as to be almost unrecognisable 
as such.
b) The dome and basin structure of the southern part 
of this area east of the Lake, its transition northwards 
to a mainly E-W trend of axial planes, giving way in turn 
in the extreme north of the area to NE-SW trending folds, 
is apparently not amenable to analysis in terms of any
single de formation.
c) Although trends on the west side of the Lake (which 
is further removed from the Mozambique belt proper) show
a predominantly N~S to NI-J-SE trend (i.e. Mozambiquian) 
the structure is not simple and displays features which 
are not entirely explicable in terms of a single 
deformation.
These features therefore demonstrate the need for 
an interpretation of the structure of the Port Johnston 
area in terms of superimposed folding; and the fact that 
this can most conveniently be done by reference to 
interference patterns shov/n to result from such super­
imposed folding produced both experimentally and in 
nature has already been noted.
Figure 21.
m
Fig. 14.— Analysis of the main types of two-dimensional interference patterns. The axial traces of the 
first folds originally trend N E .-S W ., and those of the second fold N .-S . A, type 1 structure with the move­
ment direction of the second folds contained in the first-fold axial plane (fig. 15, A) \ B, type 1 structure, 
general form; C, type 1 structure, special form where the movement direction of the second structures lies 
on a first-fold limb (fig. 15, C ); D, type 2 structures; E, type 3 structures.
From Ramsay 1962.
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In a detailed discussion of the complex shapes 
resulting from superimposed folding Ramsay (1962) shows 
that an important feature of these patterns is that they 
are reproduced at a wide range of scales, and he quotes 
examples of their occurrence on the microscopic scale, 
at the scale of single outcrops, and also of one in the 
Basement series of Rhodesia which is ten miles across.
This important paper further shows that super­
imposed folding can produce three main types of pattern 
on planar sections through the combined fold systems, the 
first of which is characterised by domes and basins, the 
second by mushroom-shaped crescentic and arborescent 
forms, and the third by festoons of zig-zags of varying 
size and form (F:g .21)„
Because each of these different types of inter­
ference pattern is the result of differing relative 
attitudes and shapes of the mutually inclined component 
fold systems Ramsay shows that each can be regarded as 
being diagnostic of a particular style of cross folding. 
His explanation of this can be summarised in terms of a 
revised nomenclature for the description of folds 
advocated by Fleuty (1964).
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The domes and basins can thus be described as 
typifying a field in which two systems of folds of the 
upright horizontal type intersect at right angles, or near 
right angles, domes being formed where antiforms coincide 
and basins where synforms coincide.
Crescentic and arborescent forms result from a 
variation of this arrangement where the first-formed folds 
are of the inclined horizontal type (i.e. their axial 
planes dip at about 45® and their upper limbs are approxi- 
horisontal),
The zig-zag patterns result from an arrangement 
whereby the second folds are inclined in relation to the 
first folds (i.e. their axial planes and both their limbs 
are gently dipping). In this case however the axes of the 
second set of folds lie parallel to the axial planes of 
the first set of folds instead of being perpendicular to 
them as in those producing the first two types of 
patterns (Fig.21).
A large scale dome and basin pattern is well demon­
strated in the south-eastern part of the Fort Johnston area 
in the association of the Nchesera dome, the Mangoche basin.
Figure 22.
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the Makwerani dome and the Namitembo basin, an arrangement 
which invites comparison with Ramsay's first type of 
interference pattern.
Because an association of domes and basins is not 
however necessarily the result of superimposed folding but 
may also result from certain types of intrusion tectonics 
it is important to consider in some detail the nature and 
arrangement of the Fort Johnston structures before 
attempting a comparison v/ith those described by Ramsay.
Since the Namitembo basin is favourably placed on 
the edge of the main Rift for its structure to be 
revealed by erosion it provides a particularly good 
example for such consideration.
On the air photographs (R.A.F. Flight S2F/266/2,
Nos.5057 and 5103 y Fairey Air Surveys Nyasa Lake Shore 
Series Block B, Flight 14, No. 586) the syimnetrical 
arrangement of ridges in an ellipse round the head of 
the Namirosa stream which occupies the central depression 
of the basin is clearly seen (Fig.22).
Although the structure is some six miles by four 
the pattern produced by the differential erosion of hard
Figure 23
I
Eyed fold in psammitic gneiss, an interference pattern 
resulting from superimposed folding.
From Ramsay (1962),
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and soft bands closely resembles that of an 'eyed fold' 
approximately two feet across in metamorphosed psammitic 
rocks of the North West Highlands of Scotland figured by 
Ramsay and described by him as a section across a basin 
structure (Fig.23).
Mapping confirms that the feature is a structural 
basin with consistently inward dips of from 40® to 70®.
The peripheral rims of hills are composed of quartzo­
felspathic gneiss, the outer one with bands of pyroxene- 
gueiss, the inner one of a leucocratic biotite-gneiss.
These resistant horizons not only form ridges, but also 
local base levels on the Namirosa stream where it cuts 
through the rim of the ellipse. 'Ihe stream is therefore 
mature and is choked with accumulations of colluvial 
material and vegetation in the uppermost part, of its 
course. The rocks of the central depression are therefore 
not seen, but since they are evidently soft-weathering 
they are likely to be of the paragneiss series rather than 
orthogneisses or igneous rocks, v/hich tend to form positive 
features in the Fort Johnston area.
The only association of igneous rocks with the 
Namitembo basin is a single NV7-SE trending doleritic.'dyke
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which cuts it obliquely, passing three-quarters of a mile 
to the west of the central depression. Since the dolerites 
of the Malawi Rift zone are of Karroo age the Namitembo 
basin was evidently formed in pre-Karroo times.
Evidence is therefore lacking that the Namitembo 
basin owes its existence to igneous tectonics of any kind. 
Because of this and its close resemblance to the basin 
structures described by Ramsay as being produced by the 
coincidence of synforms in an interference pattern 
resulting from the intersection of upright horizontal folds 
systems (type I) therefore lead to the conclusion that it 
must be regarded as being analogous to them.
The elliptical form of such features is significant, 
for according to Ramsay (op. cit. p.468) the shapes of 
domes and basins depends on the relative intensities of 
the two foldings and on the relation of the limbs of the 
first folds to the movement direction that produced the 
second. A consideration of the geometry of these patterns 
(Ramsay op. cit. Fig.3) shows that unequal intensities of 
folding produces elliptical forms with the major and minor 
axes of the ellipses defining the respective trends of the 
component folds.
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Thus the trends of cross folding in the region of 
the Namitembo basin may be deduced from its shape. These 
are seen to be 3SFNT^ J-SSE and NE-SW, the former trend being 
parallel to the main Rift escarpment, the latter oblique 
to it.
Tlie fact that parts of the Chilanga dome to the 
south-east shows two sets of lineaments corresponding to 
these two directions provides evidence in favour of this 
deduction, and also of the fact that the Chilanga dome 
itself is the result of superimposed folding.
That this is so tends to be obscured by the fact 
that the central part of the Chilanga dome is occupied by 
a body of perthositic granulite which from the shape of 
its outcrop on the map appears intrusive.
In its field appearance however this perthosite is 
granulitic, and the fact that in common with the surrounding 
paragneisses it carries two pyroxenes and abundant small 
red garnets throughout its whole mass shows that it has 
been involved in the regional metamorphism of the area.
The Chilanga perthosite is therefore not regarded 
ss a late intrusive. The presence of two lineaments
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within its main body (as well as in some of the surrounding 
gneisses) suggests that it is either pre-tectonic, or 
syntectonic with the earlier episode of folding. It must 
be further noted that neither field nor map evidence 
suggest that the Uzuzu granite which intrudes the Chilanga 
perthosite at its southern end has played any part in the 
formation of the Chilanga dome. The granite is one of a 
series of presumed Palaeozoic age (see Chapter III) that 
at the structural level at which they are exposed 
throughout southern Malawi are seen to be entirely c i t j j s s -  
cutting and to have no doming or arching effect on the 
gneisses into which they are intruded. Furthermore the 
Uzuzu granite is apparently of insignificant size in 
relation to the whole of the Chilanga dome, to which its 
shape and position bear no obvious geometrical relation­
ship.
Because the central part of the Mangoche trough 
has been engulfed by the Mangoche syenite, visible 
evidence of its existence is restricted to a consistency 
of inward dips in the gneisses wherever they are exposed 
round the outer rim of the syenite, and certain physio­
graphic features of the syenite itself.
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Because the mountain mass is surrounded by talus 
and slopes to the drift-covered Wamweras plain to the north 
and west the surrounding gneisses are poorly exposed and 
are generally not seen except in a few hillocks and in 
sporadic exposures along stream beds.
The fact that all the dips measured, from a distance 
of four miles from the syenite right up to its only 
exposed contact at Malindi Hill on its east side, are 
without exception inwards seems to provide substantial 
evidence of the existence of a structural basin, which 
apparently even the intrusion of so large a mass as the 
Mangoche syenite has failed to modify beyond its actual 
intrusive contacts.
Furthermore, the unusual horse-shoe shape in plan 
of the Mangoche syenite gives the impression that it has 
been moulded within a pre-existing structure. The central 
mass of the mountain i# oirrrounded in its outer part by a 
rampart of hills forming the rim of this horse-shoe. The 
fact that the syenite at the summits of these hills con­
tains many large vesicles suggests that they represent a 
high level of the intrusion, and this view is consistent 
with the probability that their arcuate form and
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lineaments reflect the structure of the gneisses into 
which they were intruded.
The occurrence of an arc of lineaments with outward 
dips, located where from the pattern established by the 
existence of the Namitembo basin, the Chilanga dome and the 
Mangoche basin,a further dome to the south-east of these 
structures might be expected suggests that such a dome 
does in fact exist. The evidence is incomplete however 
as a major part of the structure, which is centred on 
Nchesera Hill in the extreme south-east corner of the map 
lies in unexplored territory. The syenite of Nchesera Hill 
is similar to that of Mangoche, and is therefore probably 
also a cross-cutting intrusive.
Recorded structural evidence indicating the 
occurrence of a dome centred on Makwerani Hill on the 
international boundary is likewise convincing, but unfor­
tunately incomplete. That the Makwerani perthosite is not 
responsible for any updoming that may occur is well 
established however by the fact that it has been regionally 
metamorphosed, and is probably pre- or syntectonic like 
the Chilanga perthosite, to which it bears a close 
resenblance „
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Summarising these observations on associations 
between the dome and basin structures to igneous rocks : 
one basin is cut by a dyke of Karroo age and one by a 
major intrusive which obliterates the whole of its central 
portion? two of the domes have metamorphosed acid 
Plutonic rocks near their centres which show evidence of 
having been caught up in the doming rather than having 
caused it, the third has a cross cutting syenite which is 
later than the doming.
Apart from the lack of direct evidence of doming 
by igneous rocks, the diversity of types and associations 
of igneous rocks with these five dome and basin structures 
confirms the view that they are components of an inter­
ference pattern resulting from superimposed folding and 
not the products of intrusion tectonics.
This dome and basin motif is seen to constitute a 
recurrent element of the structural pattern over some 350 
square miles of territory, therefore, and to extend for an 
undetermined distance to the south and east of this area. 
Although the area in which the pattern is established is 
large, it is partly obscured by drift, and is small in 
relation to the size of the individual structural elements.
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This militates against a complete resolution of 
the symmetry of the pattern, and therefore of a geometric 
analysis of the folding. The balance of evidence available 
suggests however that the NNW-SSE and NE-SW trends deduced 
from the shape of the Namitembo basin and the Chilanga 
dome are maintained over the whole area. The NN('7-SSE 
trending folds would appear to have an average distance 
of about four to six miles from anti formal crest to the 
adjacent synformal trough, and to have been deformed by 
the NE-SW trending folds which appear more regular and are 
approximately eight miles across measured in the same way.
It is worth noting briefly at this stage a fact 
which will be further discussed later (Chapter IV), that 
both these trends lie within the general range of 
variation of swing of strike of the foliation not only of 
the Basement of Malawi, but of the Mozambique belt as a 
whole.
The same cannot be said however for the ten mile 
broad zone of mainly E-W trending gneisses which replaces 
the dome and basin structure north of Namitembo (Holt 1961).
This feature has been termed the H indi anti form
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because dips are outwards on either flank (i.e. inclined 
generally northwards in the north and southwards in the 
south), and because it appears to swing round and close 
to the south east on the arc of the H i n d i  Hills. The 
presence of an antiform is inferred rather than observed 
however, because this swing to the H i n d i  Hills is con­
cealed beneath the drifts of the Namweras plain, and 
because measured dips on both flanks are invariably steep 
and no 'turn over' of foliation planes is seen in what 
vould be the hinge zone of the fold. Scope for inter­
pretation of the E-W trending feature is further restricted 
by the fact that its westward continuation is cut by Rift 
faults and concealed beneath lacustrine drifts and the 
waters of Lake MalawH . The trend of strikes appears con­
tinuous across the most easterly of the main Rift faults 
however, and into the dowz:-faulted block which forms a 
southerly tilted step below the main Rift escarpment, but 
neither the directions of dip nor the lithology appear to 
match across the fault.
In the downthrown block the change from northerly 
to southerly dips occurs two miles to the south of the 
extrapolation of the line along which it occurs on the
Figure 24
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upthrown side. The fact that limestone bands occur in 
this region of change of dip to the west of the fault which 
were not seen in the corresponding region to the east of 
the fault suggests that there is no straightforward corre­
lation between the two features however.
The H i n d i  anti form therefore represents something 
of an anomaly in the pattern of regional structure, the 
significance of which is not quite clear on present 
evidence, but which might be revealed by more detailed 
mapping. The rocks of which it is composed do not differ 
lithologically from those of the rest of the area, and all 
that can be said at present therefore is that it appears 
to represent a flexure in the Mozambiquian orogenic trend 
which is not obviously related to the structure either to 
the north or to the south.
To the north of the H i n d i  anti form the structure 
becomes increasingly less well exposed, but on what 
evidence is available apparently more in harmony with the 
general structural pattern of the region.
In the Nsondole syn form which closes just inside Malawi 
territory trends afe NE-SW, and six miles to the west of 
this there is evidence on the down thrown sid€î of the main
Figure 25
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Rift fault of an anti formal structure trending NVJ^SE with 
its south-western 1imb parallel to the Lake shore.
In trend both these represent a swing of 35 degrees 
from the NNIa^ -SSE and NE-SW trends established further south, 
the inter fold-trend angle remaining the same at about 75 
degrees. The fact that they represent the same fold 
trends is not established, however, since those to the 
south of the H i n d i  anti form appear to be nearly horizontal 
whereas those to the north plunge steeply, the Nsondole 
synform to the north-east and the Lake shore antiform to 
the south-east. The fact that two faults transverse to 
the Rift Valley of unknov/n, but possibly quite large 
displacement, separate the Nsondole block from that to the 
south means that the structural levels exposed in the two 
areas could be markedly different, and this could have a 
bearing on the difference in the styles of folding.
On the west side of the Lake the regional trend
generally regarded as being typical of the Mozambique belt
IS more consistently followed than on the east side?
trends of foliation, of lithological banding and the
isomag*netic lines of the aeromagnetic survey map (Fig. 25) 
all show a general N-S to Nmf-SSE trend. The latter show
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also that this trend is maintained beneath the drifts of 
the western Lake shore at least as far as the present shore
m e
Walshaw (1966) has recently shown that over an area 
of a thousand square miles to the south-west of the Fort 
Johnston area this fairly uniform NNW-SSE strike continues 
to be maintained, though it is also noted that the struc­
ture may be deceptively simple since there are some local, 
but probably significant, departures from the general 
strike direction.
In the Port Johnston area west of the Lake the 
antiforms and synforms mapped immediately to the east and 
west of Manjawira provide little evidence of the tectonic 
style of the area because only a segment of them is seen.
The broad synform to the west which culminates in 
the north near Matekenya, and in particular the flexure 
which this feature exhibits near Mitawa, is more significant 
in this respect however.
In contrast to the H i n d i  anti form on the east
side of the Lake, the existence of which had to be taken
cis inferred rather than observed because of lack of infor­
mation regarding the nature of dips in the hinge zone and
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the nature of its culminations, the evidence for the 
existence of the Matekenya synform may be taken as well 
established because these features are well displayed, as
well as the occurrence of inward dips of foliation and a
repetition of a fairly well defined sequence of litholo­
gical types on either limb.
Although the Matekenya synform is the largest 
single structural feature mapped west of the Lake, and one
for which the symmetry of fabric on the megascopic scale
is monoclinic, if the whole field of the mapped area is 
considered a triclinic symmetry of fabric becomes evident. 
Thus it would appear that superimposed folding is likely 
to be as important a factor in the structural evolution 
of the area as it is on the east side of the Lake.
The element of this folding which is defined by the 
trend of the Matekenya syiform and the complementary 
structural features to the east of it is well established 
as being between N-S and NL'M-SSE, a trend which corresponds 
to that occurring east of the Lake which is defined by the 
major axis of the Namitembo basin.
The principal feature of the area west of the Lake
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which is incongruent with this trend, and which may 
therefore be regarded as possible evidence of the existence 
of a second trend of folding is the flexure near Mitawa at 
the southern end of the Matekenya synform.
Because of the possible regional significance of 
this feature it is therefore important to review the 
evidence of its form and relationship to the main fold 
trend.
Interruption of the main fold trend was first noted 
when a traverse one mile north of Mitawa across the line 
of the Matekenya synform revealed only quartzofelspathic 
gneisses typical of the limbs of the synform at a point 
where limestones had been encountered in all previous 
traverses for a distance of nine miles to the north.
Steep north and north-easterly dips in this region, where 
nearly horizontal beds were encountered to the north in 
association with the limestone confirmed the disturbance 
of the regional trend. Although not actually exposed on 
this traverse occurrence of the limestones beneath a 
drift covered area to the east of the quartzofelspathic 
gneisses was inferred by the change of strike, and their 
easterly displacement was confirmed by subsequent traverses
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to the south. Total evidence of these traverses combines 
to indicate that the prow of the 'canoe structure' of the 
Matekenya synform does not close completely north of Mitawa 
but continues as a narrow trough which flexes to the east, 
then to the south-west and ultimately southwards again, 
opening out into what is presumably another ‘canoe 
structure' continuing the line of its analogue to the north
Photogeological interpretations of the air 
photographs (Fairey Air Surveys Lake Shore Block C, Run 6 
Nos.194, 195? Run 7 Nos.231, 232) by the writer which 
seemed to confirm these deductions have been subsequently 
checked by Mr. E.A. Stephens of O.S.G.S. Photogeological 
Division who is in agreement with the conclusions reached 
and adds further evidence in favour of them (private 
communication).
The symmetry of this flexure indicates that if it 
is in fact the result of superimposed folding the trend 
of the second folding must run approximately NE-SW.
Immediately to the south-west, in the Ncheu-Balaka 
area mapped by R.D. Walshaw in 1962, four major distur­
bances of the regional trend occur exactly on the south- 
westwards extension of this line 10, 20, 30 and 40 miles
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respectively from the Mitawa flexure. These are the 
Pirilongwe and Nankululukuti synforms, the Bilila ring 
structure and an un-named flexure east of the Mpira 
stream (Walshaw 1965 - sea Fig.26).
These all represent disturbances of the main 
regional trend, and indicate by their syinmetry and arrange­
ment a line of disturbance of this trend running NE-SW.
This further suggests the hitherto unrecognised probability 
of an axis of superimposed folding traversing the area.
That all are closed structures suggests a possible 
analogy with the basin type of structure formed where the 
synformal axes of two foldings coincide as in Ramsay's 
dome and basin type of interference pattern (Type 1).
The Mitawa flexure, although it represents a 
departure from this pattern is not inconsistent with the 
same style of cross folding? such a feature could result 
from the intersection of a rather shallow synformal 
trough of one folding with a rather tighter asymmetric 
synform of the other. This is not described or depicted 
by Ramsay, but its form may be deduced from a similar 
structure shown in his Block diagram No.1 B, the 
difference being accounted for by the fact that in this
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all the folds are symmetric.
The apparent absence of domes may be due to the 
fact that a very open type of folding occurs across the 
main trend so that the adjacent antiformal crests are 
outside the mapped area.?
Conclusions regarding the tectonic style and 
structure of the area may be summarised as follows :
a) The foliation of the gneisses on the east side of
the Lake shows a complex pattern of trends varying from 
NNT'7-SSE to E-W which cannot be interpreted in terms of a 
single system of parallel or near parallel folds.
b) The southern half of this area east of the Lake 
is dominated by an arrangement of closed structures 
suggesting an analogy with the dome and basin type of 
interference pattern shov^n by Ramsay (op. cit.) to result 
from an intersection of two sets of folds at right angles 
or near right angles.
o) The symmetry of the pattern suggests that the
intersecting sets of folds trend Nmi-SSE and NE-SW 
respectively.
164.
d) The fact that foliations trending in these same 
directions are prominent in the dome and basin area 
Drovides evidence in favour of this dedection.
e) On the west side of the Lake a predominance of N-S 
to NNW-SSE trends associated in the south with evidence 
of a synformal flexure trending NE-SW suggests the 
occurrence of systems of intersecting folds with the same 
trends as those seen on the east side of the Lake.
f) Confirmatory evidence of the occurrence of this 
NE-SW trending flexure is suggested by the existence at 
regular intervals along the line of its south-westwards 
extension into the Ncheu/Balaka area of a series of
synformal basins. The fact that these occur in gneisses 
trending predominantly NIW-SSE suggests that the 
structural interpretation of the Fort Johnston area in 
terms of NNI<f-SSE and NE-SW trending folds may apply here 
also.
ii) Comparison with other areas.
The structure of the Fort Johnston area cannot 
be considered in isolation because the proposal that 
superimposed folding deter:caines this structure cannot be
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regarded as being satisfactorily demonstrated until it is 
shown, that either one or both of the postulated fold trends 
are in evidence throughout the adjacent areas of Basement 
rocks, and that published descriptions of these areas are 
not contradictory to the idea of superimposed folding.
Although it is beyond the scope of this work to 
attempt a structural analysis of these adjacent areas, it 
is necessary to examine briefly such maps cind descriptions 
as are available for evidence of the occurrence of NNVJ-SSE 
and NE-SW trending belts of folding or de formation.
Unfortunately the record is somewhat incomplete as 
the Fort Johnston area is surrounded by unmapped territory 
to the north, south, east and west. Only to the south­
west is there any continuity of the record? here it has 
already been shov/n that the structure is apparently con­
sistent with the superposition of folds.
It is therefore proposed first to consider what is 
known of the Basement of Mozarabicfue, then other parts of 
bhe Southern R^cfion of Malawi, and finally to refer to 
accounts of zones of superposition of orogenic belts 
which have recently been shown to be a feature of the 
Basement of Zambia some 150 miles to the west of the Fort
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Johnston area.
A general geological map of Mozambique at a scale 
of Is 2 million (de Freitas 1957) provides the only pub­
lished record of the geology east of the Port Johnston 
area. On this map most of the Niassa Province is marked 
as being underlain by undifferentiated Precambrian in 
which no trends of foliation or banding are recorded.
Some 30 miles east of the international boundary however 
a belt of 'Precambrian II' trending IvTW-SE shown lying 
within undifferentiated Precambrian is cut at its southern 
end by a formation belinging to a group of 'various 
granites and acid intrusives' trending NE-SW. These are 
the only Precambrian trends indicated in the area.
In an account of the geology which accompanies the 
map (de Freitas op. cit.) the lowest division of the 
Precambrian (the 'Basement Complex') is stated to be 
typified by mainly E-W trends, while a later group (the 
’Mozambique Systen') is regarded as being typified mainly 
by N-S trends. This is the subdivision of the Precambrian 
of Mozambique first proposed by Walls (1922) who described 
the E-W trending rocks of the Lurio Valley as banded 
jaspers showing bedding features, and as overlying gneisses
Figure 27
T H E  b a s e m e n t  R O C K S  O F  MALAWI 
SOUTH OF t h e  15* S PARALLEL
Î LAi<£CH/LWA
BLAMTYRdtM
y  \
iP P ^
f I Po if RiSetnerrt Scdtments
Dy'J Pos^ - Bojcmcht' Plutons 
3»5c/ne*if gneisses 
fav/ts
Trend of^ni/ssic -foltation
# 1  \
Î SCALE r%y*MlLL|ON
V z ^ J  T r T -4°. fDMH .
167.
and granites. It is not clear why these E-W trending 
rocks were regarded as being the oldest group, or why the 
Portuguese geologists continue to take this view. Des­
criptions given by de Freitas of the characteristics of 
the different divisions of the Precambrian are too vague 
and general for any correlation with the rocks of Malawi 
to be attempted.
It may be noted however that there is evidence of 
at least two main orogenic trends in the Basement of 
Mozambique, though the exact orientation of these and the 
relation between them remains uncertain.
The map (Fig.27) showing directions of foliation 
throughout the Basement of southern Malawi provides 
spectacular evidence of the fact that two trends ' 
predominate, and that these are mainly either NE-SW or 
mz-SE.
To discuss the relationship between these main 
trends two specific areas will now be referred to.
The first of these, the Kirk Range-Lisungwe area, 
is in the north-west corner of the area shown in Figure 
27. This area has been mapped by Bloomfield and Garson
Figure 28
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(1966) from whose Bulletin on the area the structural map 
(Fig.28) has been taken. This shows that the structural 
pattern has similarities with that of the southern part 
of the Fort Johnston area east of the Lake. distinct,
mainly N-S and NE-SW trends are distinguishable, and a 
series of closed structures occur where hinge zones in 
these fold trends might be inferred to coincide.
In the Bulletin (Bloomfield and Garson op. cit.) 
it is noted that the structure is complicated and that 
much detailed work would be necessary to unravel it with 
certainty. It is however suggested that a NE-SW lineation 
which is prominent in the north-west of the area, and is 
particularly obvious in flat lying schists in the roof of 
the Kirk plateau dome where it is parallel with the axes 
of minor folds, may foe superimposed and caused by later 
compressive forces from the south-east. The cause of the 
domal structure itself is stated to be unknown. It is 
composed mainly of kyanite-staurolite-muscovite schists, 
and the presence of quartz-schorl reefs among these is 
quoted as evidence that there may possibly be a granitic 
body at depth.
Near the centre of the part of southern Malawi
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shown in Figure 27, in the region of Blantyre/Limbe, lies 
the second area in which the relation between the two 
trends may be usefully studied. This area was mapped in 
1550 and a short reiport of the geology published in the 
following year (Ashley, Holt and Morel 1951) together 
with a sketch map. A Bulletin on the area is at present 
in the press (Evans 1566). The centre of the area is 
occupied by a large mass of perthositic syenite with 
gradational boundaries which is regarded as being part of 
the Basement Series (see also Morel 1953 p.48). This 
mass is foliated at its margins and is surrounded by high- 
grade gneisses and granulites. Both in these and in the 
perthosite itself trends of foliation varying from N-S 
to NT'\F-SE occur.
Because of an acute water shortage in the Blantyre/ 
Limbe township in 1950 an electrical resistivity survey 
was carried out over the whole area in that year with the 
object of locating and napping groundwater reserves.
During the course of this work many miles of Constant 
Separation traverse ( yo ^  = 70 ft.) were carried out which 
revealed a remarkable pattern of concealed but very well- 
defined zones of low resistivity with a general NE-SW
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trend. These zones are mostly lenticular and very 
elongated, averaging a few hundred yards in width but up 
to over two miles in length. (Fig.29). Some of the zones 
proved to be dry but most gave good supplies of water. 
Subsequently such zones were found to be a common feature 
of the Basement rocks of the Territory, and as evidence 
accumulated from the many boreholes that came to be 
drilled in them it became apparent that they represent 
lines of dislocation along which shearing and retrograde 
metamorphism has taken place (Holt 1955 p.439).
Thus it may be inferred that the major elements of 
structure in the Blantyre/Limbe area are as follows:
1) A banding and foliation in high-grade granu- 
lite gneisses trending mainly N-S to WW-SE.
2) A major development of belts of shearing 
and retrograde metamorphism trending mainly 
NE-SW.
Approximately 140 miles to the west of the northern 
part of the Fort Johnston area lies the international 
boundary with Zambia (formerly Northern Rhodesia). Through­
out the whole of Zambia the dominant trend of the
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crystalline Basement is between NE-SW and ENE-WSW. This 
is known as the Irumide trend (Ackermann 1960) since it 
affects not only the Basement gneisses, but also some 
associated schistose metasediments known as the Irumi.
It does not however affect the Katanga metasediments which 
overlie the crystalline Basement in the region of the 
Copperbelto
In the north-eastern part of Zambia, in the region 
of the Luangwa Valley this Irumide trend runs consistently 
NE towards, and almost certainly into, the Northern 
Region of Malawi. It is in this area that the most 
deeply eroded parts of the Irumide orogenic belt are 
exposed, and here relics of an earlier NN1/7-SSB trending 
orogenic belt, named by Ackermann (op. cit. p.542 and 
Fig.4) the Tumbide, are revealed.
These findings, which were at first accepted with 
reservation by the geologists of the Zambian Survey, have 
since been confirmed by them during the course of mapping 
further west (hear ICapiri-Moshi) , and in the Southern 
Province, where it was also found that NE-SW trending 
folds affect older structures (de Swardt Garrard and 
Simpson 1965). The picture is however somewhat complicated
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by the fact that a post-Katangan orogeny (the Lufilian) 
has produced arcs of dislocation and refoliation of the 
Basement which, although they partly follow the Irumidian 
trend, have locally destroyed both Irumide and Tumbide 
structures. It is this refoliation which affects quite 
large areas of Basement in Central Zambia that has until 
recently tended to conceal the relationship of the two 
earlier orogenies, which may now however be regarded as 
being well established.
The foregoing very brief review of elements of 
Basement structure in part of Malawi and Zambia discloses 
the existence of a conanon basic pattern. In this an 
earlier trend between N-S and NT^ 7-SE is affected by later 
movements producing deformation along NE-SW axes. In some 
areas the NT4-SE trends are dominant, in others the NE-SW 
are most in evidence. In the Blantyre/Limbe area the 
latter are revealed only by the use of geophysical methods 
and were not detected in the course of routine geological 
mapping.
It is not intended to suggest that the Blantyre/ 
Limbs shear zones were formed contemporaneously with 
parallel fold systems seen elsewhere in Malawi, or that
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either of these are necessarily equivalent to either the 
Irumide or the Lufilian of Zambia. Nor is it intended to 
suggest that the N-S to trends of Malawi are
necessarily equivalent to Ackermann's Tumbide. The history 
of the Basement covers too great a range of time, and the 
areas concerned are too far apart and the ground between 
them too little known to make this justifiable at present? 
future work may however show whether such a correlation is 
possible or not.
It can however be concluded that evidence from 
Zambia, from the whole of the southern part of Malawi, 
and also from Mozambique indicates that superposition of 
orogenies is a feature of much of the region, and therefore 
that the evidence of superimposed folding in the Fort 
jlAbnston area does not conflict with the regional pattern.
d) The Basement Series
i) Possible structural succession.
Although the foregoing interpretation of the 
structure of the area is based mainly on a study of patterns
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of foliation and lineaments the existence of a succession 
in the lithological layering is implied in it.
Although the implied succession is in fact 
reflected in a succession of differing metamorphic litho- 
iogies, which therefore provides some confirmation of the 
validity of the conclusions concerning the structure, it 
must be stressed that the occurrence of these does not 
necessarily imply the preservation of an original 
sedimentary succession; both the foliation and the 
lithology must be regarded as the result of refolding and 
drastic reconstitution by metamorphic differentiation.
Since no direct correlation can be established 
between the structure east and west of the Lake, or 
between the H i n d i  anti form and the structural features 
to the north and south of it, such groupings of metamorphic 
lithological units as can be established have to be based 
on geographical distribution as well as on what is known 
of the structure.
ii) The Chikulo khondalite group
This group is typified by the succession of 
biotite-gneisses, biotite-garnet-gneisses, and khondalites
Figure 31
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which are exposed east and south of the Lake shore village 
of Chikulo. They underlie a strip of country about two 
miles in width between the hinge zone of the Narabungo 
ynform, in which raigmatised and partly mobilised biotite- 
gneisses occur, and the Lake shore along which similarly 
mobilised biotite-gneisses and migraatites are seen in 
coastal outcrops and off-shore reefs. The rocks of this 
group are generally well foliated, though migmatisation 
and partial mobilisation occur locally. Concordant 
felspar pegmatites up to five feet in width are common 
(Fig.31).
The Chikulo khondalite group therefore forms part 
of the western limb of the Nambungo synform; it also 
extends to the south and east round the nose of this 
synform. Traverses across the area underlain by the 
eastern limb failed to reveal whether the succession is 
repeated there. The rocks are however mainly rather soft 
weathering and only well exposed on the eastern limb 
where they are cut across by the Unga stream; a more 
detailed search to the west might reveal their presence 
there.
The most striking single feature of the group is
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the relative abundance of garnet throughout. In only a 
few horizons is biotite present without garnet? where 
they occur together in the more basic bands the rocks have 
a characteristic red and black mottled appearance. The 
khondalites have a spotted rather than a mottled appearance 
however, and are so finely foliated that they look like 
spotted slates. These rocks occur only as impersistent 
horizons in the garnetiferous biotite-gneisses but are 
important because they represent the only clearly recog­
nisable metasedimentary horizons in the group. Honey- 
yellow monazite is also a prominent mineral in the rocks 
of this group and is megascopically visible in clusters 
of grains in some of the more mafic bands.
The abundance of a characteristic suite of heavy 
minerals in the Chikulo khondalite group is reflected in 
the composition of the beach sands near the mouths of the 
rivers draining the area underlain by them. In these red 
garnet, monazite, zircon and ilmenite have been partly 
separated and concentrated by wave action into deposits 
of possible economic potential (Holt 1961, Appendix B)„
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iii) The Lutende gneiss group.
The rocks of the central area east of the Lake with 
a predominantly E-W trend are not very distinctive litho- 
logically, but they form a structural unit of unknown 
relationships (the H i n d i  'antiform') and are therefore 
treated as a separate group.
The Lutende gneisses attain their characteristic 
development around the headwaters of the Lutende, Mbwasi 
and Lingwena streams on the elevated peneplain flanking 
the Rift Valley. The rocks here are biotite-hornblende 
or pyroxene-gneisses with quartzofelspathic intercala­
tions, grading into partly mobilised biotite-gneisses in 
the centre of the area. Garnetiferous rocks are developed 
only locally, the most extensive occurrence being in the 
Chinolo valley to the north.
No undoubted metasedimentary horizons were noted 
within the group, and as isoclinal folding, migmatisation 
and mobilisation are common, no general succession is 
apparent.
iv) The Michelelo marble group.
Continuing the line of strike of foliation of the
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gneisses of the Lutende group in a downfaulted block below 
the main Rift escarpment, and similar to them except in 
the inclusion of some prominent limestone bands is a 
formation which is possibly transitional to the Jalasi 
granulite group further south.
The marble exposed on the south flank of Michelelo 
hill is white, coarsely crystalline, and about 12 feet 
thick across the strike. Michelelo hill itself, which is 
composed of garnet-gneiss, lies on the hinge zone of a 
small synform, and the marble is repeated on its northern 
slope. A complementary E-W trending synformal axis in 
biotite-hornblende-gneisses one and a half miles further 
north suggests a tectonic style rather different from 
that typifying the Lutende gneiss group. Four miles 
beyond this highly garnetiferous gneisses become abundant, 
which indicates a possible transition to the Chikulo 
khondalite group„
v) The Jalasi granulite group.
The 3 50 square miles of territory which shows 
evidence of being underlain by the dome and basin struc­
ture can conveniently be referred to as the Jalasi area.
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since it coincides with a division of administrative 
authority under a chief of that name whose headquarters 
are at Majuni near its geographical centre.
The gneisses and granulites of which these dome 
and basin structures are composed show a greater variation 
than those further north, and may be divided into a very 
generalised structural succession, the lowest members of 
which occupy the centres of the domes, and the higher 
members of which are found near the centres of the basins.
This succession comprisess
Top (structural)
Namitembo pyroxene-gneisses -
quartzofelspathic in parts 
and with marble bands.
Kaliawata garnat-gneisses, including 
khondalites.
Masuku banded quartzofelspathic
granulites, partly migmatised
Lingamasa garnetiferous biotite- 
gneiss with marble
Chowe biotite“Pyroxene-gneiss with 
marble bands
Chilanga granulitic perthosite
Bottom (structural)
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The fact that the Chilanga granulitic perthosites 
which occupy the centre of the Chilanga dome and appear to 
be structurally the lowest exposed members of the gneiss 
series probably represent raetamorphosed migmatites has 
already been referred to? they have therefore to be 
regarded as orthogneisses rather than paragneisses and 
will be discussed under that heading.
The Chowe biotite pyroxene gneisses, which are best 
exposed in cuttings in the escarpment section of the Fort 
Johnston - Namwera road and in the area of the shelf of 
the main Rift south of the Ndengu hills in the region of 
Chowe village consist largely of NNE-SSW trending partly 
migmatised biotite pyroxene-gneisses often with alteration 
of pyroxene. At least one marble band occurs within this 
fonaation.
The Chowe biotite and pyroxene-gneisses grade into 
the Lingamasa garnetiferous biotite-gneisses which are 
sporadically exposed in the region of the stream of that 
name. This formation also contains bands of marble and 
calc-silicate granulites which are exposed both east and 
v/est of the stream. The skarn rocks exposed at 
Makanganichilo, an isolated hill north of the Nchesera
Figure 33.
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hills may be equivalent to one of these? an abundance of 
pyroxene and garnet in the detritals of the surrounding 
country suggests that the underlying rocks may be similar, 
if not actually equivalent to the Chowe and Lingamasa 
gneisses.
The Masuku banded quartzofelspathic granulites are 
rocks with well defined dark and light bands, outcrops of 
which occur within ci zone three miles wide extending in an 
arc from Mbungwe hill on the international boundary to 
Masuku trading centre on the Chiponde-Zomba road. West of 
Masuku they occur within half a mile of the outer rim of 
the Mangoche syenite. Quartzofelspathic granulites in the 
Lusangwisi stream at Wambande, at Ko1oka, at the abandoned 
estate at Fairview and in the region of Makupo village 
probably indicate a continuation of the same formation 
round the Mangoche basin.
In a separate area north of the Namwera-Chiponde 
road similar looking rocks are sporadically exposed south­
east and north-west of Mitenyende estate (also abandoned) 
which by their arcuate disposition and southerly dips 
suggest they form part of the rim of the Makwerani dome.
Migraatisation is extensive in the Masuku granulites,
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so that in many places the dark bands, which consist of 
mafic pyroxene-gneiss, are contorted and truncated (Fig.33) 
Locally the migmatisation is extreme, and gives rise to an 
igneous looking rock such as that which forms Bibungwe, 
Mitenyende, Mjuya and the Chirunda hills.
The Kaliawata garnet-gneisses are best exposed at 
Kaliawata hill adjacent to the Chiponde-Zomba road south 
of the bridge over the Mandimba stream. Here they are 
migyaatised and partly mobilised however, and their more 
typical appearance as well foliated rocks with much 
biotite and garnet is seen in outcrops in the Lusangwisi 
and Mandimba streams.
In general appearance they are very similar to the 
garnetiferous rocks of the Chikulo khondalite group, which 
group they also resemble in two other significant respects. 
Firstly they include khondalites, one exposure of which 
was found about one hundred yards from the international 
boundary just south of the Chiponde-Mandin^ road, and 
another east of Koloka, Secondly, honey-yellow grains 
of monazite similar to those seen in the Chikulo rocks 
are common among the detritals of the streams draining 
the area underlain by the Kaliawata gneisses. Both
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lithologically and mineralogically the two formations have 
features in common therefore? no correlation is however 
possible between them on present evidence as they occur 
in apparently quite unrelated structural features 
outcropping not closer than 30 miles from each other.
Although garnetiferous rocks occurring north and 
west of the Mangoche syenite about two miles from its 
contact seem to indicate a continuation of the Kaliawata 
gneisses round the rim of the Mangoche basin, because of 
a sparsity of exposures and a disturbance of the regional 
strike it is not clear whether these extend into the 
south-west of the area.
The Namitembo pyroxene-gneisses are those pyroxene 
and biotite bearing rocks whose varying composition and 
consequent varying resistance to erosion has resulted in 
the Namitembo basin being revealed as a physical feature. 
Although well-banded leucocratic types occur which 
resemble those of the Masuku area they show a more 
restricted development than the latter and do not seem 
equivalent to them. Biotite-pyroxene-gneisses of inter­
mediate composition similar to those of the Lutende gneiss 
group, which are not seen at Masuku, are well developed
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however.
The Namitembo limestone, which appears high in the 
structural sequence near the centre of the Namitembo 
basin as bands and lenses (Fig.17) has garnet-gneisses 
and bodies of massive garnet along its contacts. Apart 
from these the Namitembo gneisses are not generally 
garnetiferous however.
The relation of the Namitembo gneisses with the 
other formations of the Jalasi group is not quite clear 
as they are separated from them by the Matemangwe 
intrusives and also probably by a fault along the Lusalumwe 
valley.
The gneisses which form the hills south of 
Namitembo that extend right up to the Lake shore at 
Malindi contain limestone bands which may be equivalent 
to either the Namitembo or the Michelelo limestone.
A correlation with the former seems most likely however 
cis it is nearer, and the two conform in having a predomi­
nantly N-S strike.
vi) The Namingundi group
The part of the Fort Johnston area west of the
Figure 34,
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Lake covered by the present survey corresponds broadly 
with the part of the Chiripa plateau which is drained by 
the Mteraankokwe, Namingundi, Khoche and Chinyasi rivers.
The catchment of these rivers (of which the NamjJ^undi is 
the largest), an area of about 95 square miles in extent, 
also corresponds broadly to the area underlain by the 
Matekenya synform and its southern analogue the Mitawa 
flexure, which is composed of a succession of gneisses and 
granulites of fairly distinctive lithology in the following 
apparent structural succession:-
Top (structural)
Telegraph marbles
Telegraph quartzofelspathic gneisses
Khoche biotite-pyroxene-gneisses
Î4anjawira garnet-gneiss, including 
marble bands
Bottom (structural)
The Manjawira garnet-gneisses are well exposed on 
both limbs of the Matekenya synform. On the eastern limb 
the most accessible exposures are on the Fort Johnston- 
Chiripa road east and west of Manjawira. They also occur 
north-west of Dowa hill (forming the un-named hill with a
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2477 ft. peak) and in the block of country west of the Lake 
shore village of Masanje. On the western limb they occur 
intermittently along the western boundary of the mapped 
area seven and a half miles east of Manjawira and 
iiVimediately north and south of the Nankundu river in the 
north of the area.
They are distinctive looking rocks, well foliated, 
usually rather mafic, with much biotite as well as garnet. 
In general appearance they closely resemble the garnet- 
gneisses of the Chikulo khondalite group and the Kaliawata 
gneisses east of the Lake, though they differ from them 
in having an association of bands of marble, but apparently 
no khondalites.
Monazite is an abundant detrital mineral in all the 
streams draining each of the areas underlain by the 
Manjawira gneisses, and this is a further feature which 
they have in common with the garnetiferous rocks occurring 
east of the Lake. Detrital monazite does not appear to 
be derived to any extent from other rocks underlying the 
3^:ea, and the association indicates the primary source of 
concentrations of this mineral in fossil beach deposits 
both east and west of the Lake, which have been prospected
Figure 35
Migmatisation of Khoche biotite-pyroxene-gneisses 
Chileka hill.
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in some detail, but whose provenance has long been in doubt 
(Branscombe 1956 - unpublished rep.).
One mile east of Manjawira a band of white marble 
about 20 yards across is exposed and north-east of 
Manjawira a number of thin bands and lenses of marble 
cutting garnet-gneisses apparently represent the same 
horizon. A raft of calc-silicate rocks in the Mauni 
granite is probably also a relic of this band, which is 
again intermittently exposed for ci distance of eight miles 
along the strike north-west of Mauni.
Also appearing on both the eastern and western 
limbs of the Matekenya synform, though of minor extent 
compared with the Manjawira gneisses, and a
horizon between them and the Telegraph gneisses, are the 
Khoche biotite-pyroxene-qneisses. These gneisses are best 
exposed on the eastern limb of the Matekenya synform where 
the derelict telegraph line (See Chapter I) crosses the 
Khoche stream, and for half a mile east of this point.
On the western limb they are again well exposed along the 
telegraph route from a point three and a half miles west 
of the Khoche stream for a distance of one and a half 
miles to the edge of the map.
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In both these areas they appear as well banded 
rocks with thin, well-defined alternating layers of 
leucocratic and dark material, the latter carrying dark- 
brov/n biotite and two pyroxenes.
At Chileka hill two miles south of the telegraph 
line they have suffered extensive migmatisation and 
mobilisation (Fig. 35). Tliis is also the location of a 
pronounced magnetic anomaly (Fig.25), and probably both 
effects are due to the close proximity of an underlying 
igneous intrusion.
Quartzofelspathic gneisses and granulites consti­
tute the most comr-ionly occurring rock type in the area 
west of the Lake? this is because they occupy an expanse 
of country in the centre of the canoe structure of the 
Matekenya synform, of which the Khoche gneisses form in 
effect the inner hull. They are crossed by the abandoned 
telegraph route near the widest part of their outcrop, and 
since they comprise a distinct formation have been termed 
the Telegraph cruartzofelspathic gneisses.
The rocks which make up the main part of this 
formation show a compositional range from somewhat 
leucocratic biotite-pyroxene-gneiss to almost pure
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quartzite. The latter are not common, however, and most 
quartzofelspathic gneisses show in thin section at least 
a few flecks of biotite, usually in association with a 
few scattered grains of pyroxene. Garnet was noted in 
some of the quartz!tes, but it is not characteristic of 
this seqpaence of rocks.
In the field appearance varies from massive to 
flaggy, the latter type being conspicuous in the north­
east where tight folds occur. In grain size there is a 
variation from finely saccharoidal to pegraatitic. In many 
places intercalations and bands of rocks similar to the 
Khoche biotite-pyroxene-gneisses are conspicuous and 
locally form rnappabla horizons.
Along the centre of the elliptical area underlain 
by the Telegraph gneisses are the Telegraph marbles.
These are difficult to trace in detail both on the ground 
and on the air photographs as they are exposed only in a 
series of low disconnected hummocky outcrops. Contacts 
v^ith the gneisses were not seen, but their position at 
the top of the structural sequence is inferred by their 
occurrence near the hinge zone of the Matekenya synform.
190.
The horizon which forms the most extensive outcrops, 
the largest seen being 200 feet across the strike, occurs 
exactly along the hinge zone of the synform, with 
consistently easterly dipping gneisses to the west and 
westerly dipping gneisses to the east. I-naong the latter 
are further bands or lenses of marble however? whether 
these represent a duplication of those of the central 
zone, or are separate horizons, is not clear on present 
evidence,
The marbles are generally white, coarsely crystal­
line, with a few calc-silicate minerals and a few 
disoriented flakes of graphite. Staining shows them to 
be in part dolomitic.
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3) Petrology and petrogeîiesis of the Paragneisses
a) Introductory note.
Because descriptions of the petrography of a wide 
range of the paragneisses of the Basement of Malawi have 
already been given by a number of workers in this field, 
and because all the rocks encountered in the Fort Johnston 
area fit at least one of these descriptions, it is not 
proposed to deal with them at length. An abbreviated 
description is therefore given of each of the main types 
of paragneiss of the area with a discussion of their 
probable metamorphic grade, followed by a list of the 
relevant descriptions already published, or in the press.
This information, together with that already set 
out in Section 2(a) of this Chapter on the morphology of 
individual minerals and the textures of the rocks in thin 
section, is then taken as the basis for the discussion of 
the metamorphic history of the area that follows in 
Section 3(c) of this Chapter.
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b) Descriptive petrography
i) Khondalite
Texture: nematoblastic ~ gneissic, some specimens
granoblastic.
Grain size: 0.5 - 4.0 ïnm.
Minerai assemblages:
Essentially garnet-sillimanite-quartz-
microperthite
Also frequently biotite, plagioclase
Accessories zircon (rounded), iron oxides,
apatite, rutile, green spinel.
Notes:
In Malawi, as in the type area in India (Walker 
1902) and in Ceylon (Cooray 1962), these rocks occur as 
bands and lenses in pyroxene gneisses, lenses which Turner 
and Verhoogen (1960 p.554) regard as metamorphosed 
aluminous sediments of granulite facies.
Published data suggests that the khondalites vary 
quite widely in composition, the Madras ones being 
considerably higher in silica and lower in alumina than 
the Ceylon ones (see Table III). Chemically the Fort 
Johnston khondalites fall between the two with respect to 
both these elements, and are further distinguished by 
their very low content of lime, a feature which is ';
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TABLE III
Comparison of the chemical composition of the Fort Johnston 
khondalites with those of India and Ceylon. Weight per cent
4206 4623 121 119 AVA AVB AVC 756
SiO. 68.17 66.44 81.08 75. S3 57.04 57.96 64.79 60.06
16.56 17.93 9.88 11.03 33.10 24.01 18.14 12.33
2.36 6.31 0.57 2.46 0.40 3.51 1.50 3.28
FeO 5.41 1.72 2.33 6.27 7.29 6.16 5.90 4.20
MgO 1.44 0.24 1.16 1.51 0.73 1.05 1.33 1.95
CaO 0.22 Nil 0.42 0.18 0.75 0.68 1.07 9.43
0.72 0.35 1.26 0.59 0.03 0.35 2.33 2.59
K_0 3.17 2.71 2.22 0.11 0.47 2.13 2.92 3.06
H^O >105^ 1.21 2.81 0.49 0.85 0.15 0.11 0.65 1.80
H..^0<105° 0.11 0.63 0.14 0.17 0.44 2.17 0.02 0.22
TiO_ 0.61 0.77 0.52 0.58 0.10 1.38 0.89 0.65
^2°5 0.05 0.10 0.03 0.03 0.16 0.40 0.12 -
MnO 0.11 0.03 Nil 0.11 0.06 0.24 0.36 0.18
0.02 Nil Nil Nil n c d . 0.02 0.01 n.dc
100.16 100.10 100.10 99.77 100.72 100.19 100.03 99.82
For Key see overleaf
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4206 Malawi, Fort Johnston area, Kadango - Kwisimba path
Garnet-biotite-quartz-sillimanite-raicroperthite- 
gneiss.
Anal VA H „ Herdsman,
4623 Malawi, Fort Johnston area. Bonomali - Luwatala
path.
Garnet-quartz-silliraanite-microperthite-gneiss.
Anal VJ. H . Herdsman.
121 India, Madras. One mile south-west of Pallavaram.
Garnet-sillimanite-quartz-microperthite-gneiss.
Anal T. Katsura (Howie and Subraraaniam 1957 
p.572, Table I).
119 India, Madras. Pachailamai hill,
Garnet-sillirnanite-quartz-rnicroperthite-gneiss.
Anal T. Katsura (Howie and Subramaniam, loc. cit.).
AVA Ceylon, Central Highlands. Passara - Ella road,
mile 12.
'Garnet-sillimanite rock'.
Anal R.J.C. Fabry (Adams 1929 Table VA).
AVB Ceylon, Central Highlands. Passara - Ella road,
mile 9ho
'Garnet-sillimanite rock'
Anal E.G. Radley (Adams loc. cit. Table VB)
AVC Ceylon, Central Highlands, Passara.
'Garnet-sillimanite rock'.
Anal E.G. Radley. (Adams loc. cit. Table VC).
756 Ceylon, Central Highlands. Bandarawela - Nuwara
Eliya road, mile 1.
'Garnet-sillimanite rock'.
Anal M.S. Krishman (Krishnan 1935, Table I).
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consistent v;ith a pelitic or psamrao-pelitic origin.
Also known to occur in Malawi in:
Somba area (Bloomfield 1965B p.48)
Zomba and Ncheu areas (Bloomfield 1966 - in the press) 
Ncheu-Balaka area (Walshaw 1966 - in the press)
ii) Garnetiferous quartzofelspathic granulite
Texture: granoblastic, fairly equigranular to weakly
gneissiCo
Grain size: 0.2 - 1.0 rrim.
Mineral assemblages:
Essentially garnet-quartz-microperthite
Also frequently biotite? plagioclase
Accessories iron oxides, rutile, zircon.
Notes:
These rocks have affinities with both the khonda­
lites and the ordinary quartzofelspathic gneisses. From 
the former they are distinguished by lack of sillimanite. 
From the latter they are distinguished by their content 
of garnet, a feature which establishes them as granulite 
facies rocks. When they are devoid of biotite Turner and 
Verhoogen (loc. cit.) regard them as of the highest grade 
Or granulite facies, the pyroxene-granu1ite subfacies.
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despite their lack of pyroxene. On these grounds they are 
here listed as a distinct type of quartzofelspathic 
granulite. Like the khondalites they occur as bands and 
lenses, and like them they are also generally regarded as 
being derived from sediments, though their lack of 
sillimanite suggests a more psaminitic than pelitic 
parentage.
Also knov;n to occur in Malawi in:
Ncheu area (Morel 1963 p.33)
Ncheu-Balaka area (Walshaw 1966 - in the press).
iii) Hypersthene-granulite
Texture: granoblastic to gneissic, some poikiloblastic.
Grain size: 0.2 - 2.0 mu.
Mineral assemblages:
Essentially a) hypersthene-quartz-oligoclase-
orthoclase (acid - intermediate 
group).
b) hypersthene-andesine/labradorite- 
orthoclase (intermediate - basic 
group)
Also commonly biotite, clinopyroxene, hornblende
Rarely garnet
Accessories iron ores, zircon (rounded),
apatite.
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Notes :
In the acid to intermediate group orthoclase and 
oligoclase are usually about equal in amount; the 
oligoclase is often coarsely antiperthitic and quartz 
seldom exceeds about ten per cent of the rock. In the 
more basic types quartz is present in only minor amount 
if at all.
The hypersthene is strongly ploochroic, particularly 
in the intermediate to basic group, a feature which Howie 
(1964) has shown is indicative of a high alumina content. 
Tlie clinopyroxene is a pale green, faintly pleochroic 
variety similar to that which has been described from 
many parts of the Basement of Malawi (e.g. Morel 1958 
p. 34, Bloomfield 1965B p.32).
All the hypersthene-bearing paragneisses and 
granulites of the area are included within this category, 
of which hypersthene is therefore the indicator mineral.
It is almost always however accompanied either by biotite 
or brown hornblende, or both. Biotite is the most common 
associate in the more acid group, while hornblende is 
commoner in the basic group. Clinopyroxene is also a 
coramon associate of the hypers thene with which it commonly
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forms intergrowths. Although it occurs in 53 per cent of 
the hypersthene-bearing rocks sectioned it is not as 
widely distributed as biotite, which occurs in 76 per cent 
Hornblende occurs in 43 per cent.
Reference has already been made in a description 
of the textures of these rocks to the alteration of 
hypersthene in them (in three-quarters of all those 
sectioned), and to the fact that this alteration often 
involves the development of a yellow product resembling 
and grading into biotite (see p.79). It has also been 
noted that in some rocks biotite and hypersthene appear to 
co-exist in equilibrium with one another.
According to Turner and Verhoogen (op. cit. p.555) 
an association of hornblende and biotite with such typical 
granulite facies minerals as hypersthene displaying no 
textural evidence of disequilibrium between associated 
phases would place these rocks in the hornblende-granulite 
subfacies of the granulite facies.
Turner (1958 p.232), in an earlier statement of the 
problem, pointed out however that because of.the high 
temperatures involved in the formation of granulite facies 
rocks, such rocks could remain reactive over a relatively
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long range of the waning stages of metamorphism, and would 
during this period be particularly susceptible to retro­
gressive metamorphism in the presence of pore fluids.
Because of this Turner considers that biotite and 
hornblende may often develop in true pyroxene-granulite 
subfacies rocks which represent the highest grade of 
granulite facies metamorphism, as well as in the rather 
lower grade hornblende-granulite subfacies, for he states 
(op. cit. p.233) that the distinction between the two may 
often have to depend on whether the hornblende and biotite 
are regarded as being diaphthoretic or not.
On such textural evidence it would thus seem that 
some Fort Johnston hypersthene-granulites are of pyroxene- 
granulite subfacies while others are of hornblende- 
granulite subfacies.
Detailed accounts of rocks of this type have been 
given from a number of areas in Malawi. They are usually 
described as charnockites or as charnockitic, a term first 
used in 1951 in reference to the Basement rocks of Malawi 
in a description of the Cholo area (Holt 1952 p.11). 
Although it was not realised at the time (and indeed 
subsequent writers seem not to have realised) there was
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good authority for doing so. In 1902 Sir Thomas Holland 
recognised charnockitic affinities in similar rocks from 
Malawi (then British Central Africa) that he examined at 
the Imperial Institute (Holland 1903 - see also Chapter I, 
Section 2(c) of this thesis).
Not only because biotite and hornblende are common 
constituents, but also because of their untypical textures 
(see Chapter II, Section 2(a)) the Fort Johnston 
h;^/persthene-granulites must hov;ever be regarded as 
charnockitic rather than true charnockites. Published 
references to the charnockites and charnockitic rocks of 
Malawi ins
Chikwawa-Cholo area (Holt 1953 p.11 and Plate V)
Middle Shire area (Morel 1958 p.31 and map)
Fort Johnston area (Holt 1961 p.28)
Chiradzulu area (Evans 1961 p.13 and Plate I)
Tundulu area. Mlanje (Garson 1962 p.33)
Chingale area (Bloomfield 1963A p.10)
Ncheu area (Morel 1963 p.26)
Somba area (Bloomfield 1965B p.30)
Lake Chiuta area (Dawson and Harrison 1965 p. 11) 
Hcheu-Balaka area (Walshaw 1966 - in the press)
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Shire Highlands area (Evans 1966 - in the press)
also described and discussed in two unpublished theses s
Morel (1960) and Bloomfield (1963B).
iv) Clinopyroxene-gneiss
Textures commonly gneissic, a few granoblastic.
Grain sizes 0.2 - 2.0 mm.
Mineral assemblagess
Essentially a) clinopyroxene-quartz-orthoclase-
oligoclase (acid - intermediate 
group)
b) clinopyroxene-andesine/labradorite' 
orthoclase (intermediate - basic 
group)
Also commonly hornblende (green or brown),
biotite,
Accessories iron ores, zircon (rounded)
apatite, sphene.
Notes s
Except for the absence of hypersthene the 
assemblages of the essential and principal minerals of the 
clinopyroxene-gneisses are much the same as those of the 
hypersthene-granulites. The clinopyroxene is the same 
pale-green variety as seen in 53 per cent of the hypers- 
thene granulites. Biotite occurs in 53 per cent of the 
sections examined while hornblende occurs in 50 per cent.
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Furthermore, in the field the two types are so 
similar in appearance, and normally occur in such 
intimate association, that it proved impracticable to 
make a distinction between them in the course of routine 
mapping.
According to Cooray (1960) in the Alutgama area 
of Ceylon where a similar association of rock types occurs 
the distinction between the two may be more apparent than 
real since hypersthene can generally be found throughout 
'though it may be necessary to examine several sections 
of the same rock to demonstrate this'. (Cooray op. cit. 
p.349). Furthermore, many of the Ceylon clinopyroxene- 
gneisses contain relics of hypersthene. For reasons of 
mineralogy as well as association Cooray therefore classes 
these rocks as charnockitic. In Malawi Bloomfield 
(1963A p.12, 1965B p.37) apparently regards the distinc­
tion between the pyroxene-biotite-hornblende-gneisses and 
the charnockitic gneisses of the Zomba area as rather 
academic, since it is based solely on the presence or 
absence of hypersthene.
In the Fort Johnston clinopyroxene-gneisses no 
clearly recognisable relics of hypersthene were observed.
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however, though many of them shov; disequilibrium textures, 
and some carry red-brown biotite reseiTibling that which is 
associated with altered hypersthene in the hypersthene- 
granulites. It is therefore apparent that some at least 
of these rocks represent a stage of retrograde alteration 
of hypersthene-granulites, though the evidence of this is 
not as widespread as it is in the clinopyroxene-gneisses 
of Ceylon.
In some of the Port Johnston pyroxene-granulites and 
gneisses the presence or absence of hypersthene seem more 
than just an arbitrary distinction, however; other 
differences may be apparent which can be surnraarised as 
follows :
Hypersthene-granulite Clinopyroxene-gneiss
hypersthene essential 
constituent
garnet common
hornblende common, 
usually brown 
variety
sphene absent
commonly granoblastic 
to weakly gneissic
complete absence of 
hypersthene
garnet absent
hornblende common, 
usually green 
variety
sphene a common 
accessory
commonly weakly
to strongly gneissic
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These differences seem to indicate that the Fort 
Johnston clinopyroxene-gneisses form a distinct type. 
Because of this and their lack of hypersthene, despite 
their close association with hypersthene-granulites, they 
could hardly be described as charnockitic. A term which 
indicates rather less than charnockitic characteristics, 
yet implying an affinity might be useful. The term 
hypocharnockitic would seem appropriate to the need, and 
could be applied to them.
The greater relative abundance of a green and 
therefore more hydrous variety of hornblende (Groves 1935 
p.193), the presence of sphene (Ramberg 1952 p.72) and the 
absence of hypersthene indicates that these rocks are of 
a lower grade than the hypersthene-granulites. While 
some are clearly of retrograde origin, others appear to 
show more stable assemblages and textures. These, although 
they bear some characteristics of both the granulite facies 
and the almandite-amphibolite facies, do not according to 
their mineral parageneses appear to belong strictly to 
either, though they may be transitional between the two.
The following gives an indication of the relative 
abundance of the different types of pyroxene-gneiss in the 
Fort Johnston area:
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Total of Includes;
Pvroxene-qneiss Hypers thene-qranu1i te Clinopyroxene-gneiss 
and +c'pyroxene -c'pyroxene -hypersthene
granulite
“ rtîons 25 46
Hypersthene-free clinopyroxene gneisses also recorded and 
described from:
Chiradzulu area (Evans 1961 p.17)
Chingale area (Bloomfield 1963 p.11)
Kirk plateau area (Bloomfield 1963 p.47)
TaiTibani area (Cooper and Bloomfield 1961 p. 14)
Zomba area (Bloomfield 1965B pp.37,61)
Ncheu-Balaka area (Walshaw 1966 - in the press)
v) Eiotite-hornblende-gneiss
Texture; gneissic - lepidoblastic, some are granoblastic. 
Grain size ; 0.5 - 3.0 mm.
Mineral assemblages;
Essentially biotite-hornblende-oligoclase-
orthoclase (or microperthite)
Commonly quartz
Accessories iron ores, rutile, zircon (rounded),
sphene.
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Notes:
In some of these rocks the hornblende is olive- 
green, in others it is yellow-brown. The biotite which was 
present in all the rocks (although it was not seen in all 
the sections) is strongly pleochroic from straw-yellow to 
brown ish-black.
The mineral paragenesis of these rocks is similar 
to that of the clinopyroxene-gneisses, except that the 
typomorphic mineral of the latter is absent.
In a recent general account of the Precarnbrian rocks 
of Malawi Bloomfield (1966) has described hornblende- 
biotite-gneiss as by far the most common rock type of the 
Basement Complex, and as one which covers wide areas of 
the country. The fact that only 13 out of 240 sections of 
a fairly representative collection of the Fort Johnston 
paragneisses, taken from all parts of an area some 900 
square miles in extent therefore seems to need some 
explanation.
The discrepancy seems to result at least partly 
rrom a difference in classification. Bloomfield includes 
within the category of hornblende-biotite-gneiss clino­
pyroxene bearing types 'from near the transition zone with
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charnockitic types'. A review of the literature seems to 
indicate that such clinopyroxene bearing types are almost 
as abundant throughout the Basement of Malawi as they are* 
in the Fort Johnston area. Such inconsistencies emphasise 
the point that transitional types of gneiss that do not 
conform to any exact classification are abundant in the 
Basement of Malawi. The hornblende-biotite-gneisses are 
transitional with the clinopyroxene-gneisses in much the 
same way as the clinopyroxene-gneisses are themselves 
transitional with the hypersthene granulites. Although the 
gneisses of the Fort Johnston area may not be quite typical 
of the Malawi Basement as a whole, they are therefore 
probably not so exceptional either.
Their transitional nature is further emphasised by 
the coiiimon occurrence of disequilibrium textures in them, 
and in particular by the occurrence of mesoperthites and 
myrmekite, and by the alteration of brown hornblende to the 
green variety (e.g. rock 2997),
All the paragneisses of this type sectioned were 
collected from the centre of the area east of the Lake, 
ioGo they are of the Lutende gneiss group. None at all 
were found west of the Lake.
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Although the metamorphic grade of the clinopyroxene- 
gneisses with which they occur in close association is in 
doubt, there is a measure of agreement concerning the grade 
of these biotite-hornblende-gneisses that show 
relatively stable assemblages and equilibrium textures.
Cooray (1960) regards rocks from the Vijayan Series 
of Ceylon, which differ only in having microcline as the 
typical potash-felspar instead of orthoclase, as belonging 
to a high division of the almandine-amphibolite facies 
(op. cit. p.179). Bloomfield, who has plotted ACF values 
for rocks of this type from the Basement of Malawi (1965B 
Fig.4(b)) and discussed their paragenesis (loc. cit. p.60) 
concludes that they compare quite closely with the 
assemblages of the silliraanite-almandine-orthoclase 
subfacies of the almandine-amphibolite facies (Turner and 
Verhoogen 1960 p.549).
Also reported to occur in the Basement of Malav/i as follows 
Lilongwe area (Alexander 1937)
Dedza area (Alexander 1938)
Mziroba and Rumpi areas (Reeve 1958)
Cholo area (Holt 1953 p.11)
Port Herald area (Bloomfield 1958 p.26)
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Middle Shire area (Morel 1958 p.31)
Lake Chilwa area (Garson 1961 p.20)
Tambani area (Cooper and Bloomfield 1961 p.13) 
Magomero area (Evans 1961 p.12)
Mlanje: area (Garson 1963 p.97)
Chikwawa area (Habgood 1963 p.16)
Ncheu-Balaka area (Walshaw 1966 - in the press)
vi) Quartzofelspathic gneiss
Texture; very variable, 45 per cent of sections are
gneissic, weakly or (less commonly) strongly.
55 per cent are granoblastic, equidimensional 
to inequidimensional„ Some are porphyroblastic
Grain sizes also very variable, 0.2 - 2.0 mm.
Mineral assemblagess
Essentially; quartz-oligoclase-orthoclase (some
microperthitic)„
Commonly; biotite, hornblende, pyroxene (in
small amounts).
Accessories; zircon (rounded), iron ore, rutile,
apatite, monazite.
Notes;
Quartz is very irregular, lobate-amoeboid. Vifhen 
the rock is inequigranular the largest grains are always 
quartz or microperthite, the latter often with irregular 
crenulate boundaries typical of the mesoperthites
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described by Michot (1951)„ Myrmekite is a normal 
associate of these mesoperthites. Microcline cannot be 
regarded as a normal constituent as the few specimens in 
which it was found to occur came from near large igneous 
intrusions which themselves carry microcline.
Quartzofelspathic gneisses are fairly common in the 
Fort Johnston area (17 per cent of the paragneisses 
sectioned) . East of the Lake they attain their maximum 
development as the major component of the Masuku banded 
granulites. On the west side they are the predominating 
type in the upper part of the Namingundi group. They also 
occur interbanded on all scales with the pyroxene and 
hornbiende-gneisses in other groups 5f the Basement series
Some of the thinner bands and lenses, particularly 
those that are much contorted or are pegmatitic, probably 
result from the migration of felsic material under the 
influence of metamorphism. In the parts of the Basement 
series which are characterised by predominantly quartzo­
felspathic types, these probably represent original sand­
stones, arkoses or grits however.
The rocks are thus polygenetic, and it is clearly 
difficult to distinguish with certainty between the
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different types which may include metasediments (para.- 
gneisses) and Basement rocks of igneous origin (ortho­
gneisses) . Even some post-Basement concordant intrusions 
have the appearance of rocks of this type, though not 
belonging to this group.
Although Rosenguist (1952) has attempted, on the 
basis of the saussurite reaction, on the formation of 
aventurine, and on the occurrence of high-temperature 
plagioclase, to determine the facies of rocks solely on 
the evidence of the light minerals they contain, all that 
can be said of the Fort Johnston quartzofelspathic 
gneisses on the evidence of his work is that they are of a 
higher grade than his saussurite (epidote-amphibolite) 
facies. Only the garnetiferous quartzofelspathic gneisses 
already referred to can be assigned to a definite facies 
therefore, and the metamorphic grade of most of these 
rocks must be judged from that of the mesocratic gneisses 
which are most closely associated with them.
The references which follow show that although 
quartzofelspathic gneisses occur quite extensively in the 
Malawi Basement, in many areas they are developed on a
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comparatively limited scale. In many of them microcline 
is reported as an important constituent; in this respect 
the Fort Johnston rocks thus appear not to be typical of 
the average Malawi Basement rocks of this type.
Also reported from Malawi ins 
Middle Shire area (Morel 1958 p.23)
Lake Chilwa area (Garson 1961 p.19)
Chiradzulu area (Evans 1961 p.10)
Mlanje area (Garson 1963 p.96)
Chikwawa area (Habgood 1963 p.16)
Zomba area (Bloomfield 1965B p.43)
Lake Malombe area (Kirkpatrick 1965 p.10)
Ncheu-Balaka area (Walshaw 1966 - in the press)
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vii) Marble and calc-silicate granulite
Textures Marbles, granoblastic to decussate. Twin 
lamellae often bent. Calc-silicate rocks, 
granoblastic to streaky gneissic.
Grain sizes 0.5 - 2.0 mm. or more.
Mineral assemblagess
Marbles essentially calcite-dolomite
comraonly garnet, diopside, epidote, spinel,
graphite.
Calc-silicate rocks
commonly (in relative order of abundance)
diopside, scapolite, quartz, 
calcite, epidote, labradorite, 
hornblende, phlogopite, biotite.
Accessories sphene, zircon, iron ore, spinel.
Notess
Staining tests show that most marbles are composed 
of both calcite and dolomite, though in widely varying 
proportions.
Diopside, which is the most commonly occurring 
single mineral of the calc-silicate gneisses (in 85 per 
cent of sections), is similar to that of the pyroxene- 
gneisses described above, except that thin sections show 
that the crystals are rather larger and deeper in colour, 
and have more pronounced pleochroism.
The garnet is quite different from that of the
214.
garnetiferous rocks already described. Its colour in thin 
section is red-brown to honey-yellow (instead of colourless 
to pale-pink), and in form it is always anhedral; atoll 
garnets are common in calc-silicate rocks but are not seen 
in other types. Table IV gives an analysis of garnet rock 
from the margin of the Mamitembo marble near its contact 
with the enclosing pyroxene-gneisses.
Marbles are the only rocks of the Fort Johnston area 
in which graphite was seen.
Calc-silicate gneisses occur as bands and lenses 
in other types of paragneiss, and also as a marginal facies 
of marble, into which they grade by increase in calcite or 
dolomite,
A relic of a band of marble that runs nearly 
parallel to the western Lake shore between four and six 
miles from it is preserved within the Ntamba granite high 
on the east side of Ntamba hill as a lenticular body of 
rock containing much epidote. It has evidently suffered 
both deep-seated regional and later thermal metamorphism.
The marbles probably represent partly mobilised 
dolornitic limestones, while the calc-silicate rocks
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TABLE IV
Analysis of Naraitembo garnet-skarn 
(Alexander 1933, p.14-15)
Weight per cent.
SiO^ 40.32
a 1 ^ 0 3 8.93
13.14
PeO 4.75
MgO 1.86
CaO 27.24
MazO 0.72
nil
H^O(total) 0.71
TiO^ 0.38
0.02
Z  D
MnO 1.30
co_ 0.80
2
100.17
Separated garnet (average)
Al^O^ 18.48
CaO 32.43
MgO 0.63
considered to be a mixture of;
grossularite Ca^Al^(SiO^)^
& andradite Ca Fe (SiO )
3 2 4 3
2 1 6 .
probably represent similar types which were either 
originally more argillaceous or have suffered greater 
metasomatism.
The mineral assemblages developed in these rocks 
are characteristic of both the almandine-amphibolite facies 
and the granulite facies. The persistence of dolomite in 
the marbles, a normal feature of these rocks in the 
Basement of Malawi, shows that the pressure during meta­
morphism was too high to allow its dissociation in the 
absence of silica.(Turner and Verhoogen 1960 pp. 550 and 
555) .
Also described and discussed from the following areas of 
the Malawi Basements 
Ncheu-Dedza (Alexander 1938)
Zomba (Garson 1955 p.155 and Bloomfield 1965B p.48)
Middle Shire (Morel 1953 p.25)
Port Herald (Bloomfield 1958 p.28)
Lake Chilwa (Garson 1960 p.21)
Magomero (Evans 1961 p.11)
Kirk plateau (Bloomfield 1963 p.52)
Ncheu (Morel 1963 p.S3)
Chikwawa (Habgood 1963 p.16)
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Lake Malombe south (Moser 1965 p.7)
Lake Malombe north (Kirkpatrick 1965 p.10)
Lake Chiuta (Dawson and Harrison 1965 p.11)
Ncheu-Balaka (Walshaw 1966 - in the press)
viii) Garnetiferous biotite-gneiss
Texture; very characteristic. Mottled and striped.
Thin and wavy foliae of biotite flakes which 
are dotted with carmine garnets, usually about 
5 mm in diameter (but some are as much as 2 cm) 
alternate with thin chalky-white bands of 
felsic minerals. The whole has the appearance 
of a finely banded injection-gneiss„
In thin section strongly gneissic, 
lepidoblastic or granoblastic.
Grain size; granoblastic (i.e. leucocratic) parts
0.2 - 2.0 mm.
Mineral assemblages;
Essentially; garnet-biotite-quartz-oligoclase-
orthoclase (some microperthitic) 
more basic varieties lack quartz, 
and plagioclase is more calcic 
(usually andesine)
Rarely: hypersthene, clinopyroxene.
Accessories; iron ore, rutile, zircon, monazite.
Notes ;
The garnet is an iron-rich variety near to 
cilmandine. The biotite is a characteristic red-brown 
colour with only moderate pleochroism.
218
TABLE V.
Comparison of the chemical composition of the Fort Johnston 
garnetiferous biotite gneisses with ones from the Zomba 
area, from Tanzania and from Ceylon.
Weight per cent
KB J K
2279 2225 1516 1459 3249
Si02 66.62 61.86 62.35 72.03 68.00
Al.O-
i Z J
13.79 15.78 16.21 13.17 14.70
FS2 0 3 2.68 3.01 1.99 1.19 0.7
FeO 4.43 5.53 4.74 4.01 4.0
MgO 2.01 3.02 3.34 1.94 1.5
CaO 1.44 0.44 4.50 2.45 2.4
Na20 2.31 2.27 2.35 2.63 2.6
5.25 6.24 2.42 1.54 4.7
H20>105“ 0.78 0.89 0.64 0.78 0.6
H20<105° 0.07 0.25 0.12 0.04 nil
TiO, 0.41 0.71 0.81 0.42 0.82
0.32 0.13 0.19 0.04 0.18
MnO 0.00 0.10 0.09 0.04 0.07
C°2 nil nil 0.08 n.d. n.d.
100.19 100.23 99.83 100.28 100.3
For Key see overleaf.
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2279 Malawi, Fort Johnston area. Near Chowe, Liwaso
stream.
Biotite-garnet-oligoclase-rnicroperthite-quartz- 
gneiss.
Anal. W „Ho Herdsman.
2225 Malawi, Fort Johnston area. West of Mangoche.
Luchichi stream.
Biotite-garnet-microcline-microperthite-quartz- 
gneiss„
Ana1. W .H c Herdsman.
KB1516 Malawi, Zomba area. Rivi-Rivi stream.
Biotite-garnet-andesine-quarts-gneiss.
Anal. W.H. Herdsman. (Bloomfield 19653 p.39, 
Table IV) .
J1459 Tanzania, eastern shore of Lake Tanganyika,
Mgambo.
Biotite-garnet-plagioclase-quartz-potash felspar 
granulite.
Anal. W.H. Herdsman (Sutton, Watson and James 
1954 p.29. Table II).
K3249 Ceylon, Alutgama area, Pinnagoda,
'garnet-biotite-gneiss'„
Anal. R. Thomas (Cooray 1960 p.416 and Table III)
2 20
Monazite, because it is a constant associate of 
garnet in the detritals of all the areas underlain by these 
gneisses, is evidently a prominent accessory in them 
although it was not seen in all the sections examined.
Gamet"biotite-gneisses are prominent on the east 
side of the Lake in the Chikulo khondalite group and in 
parts of the Jalasi granulite group. On the west side of 
the Lake they form the structurally lowest part of the 
Namingundi group. Some of the marble bands and all of the 
khondalites of the Fort Johnston area occur in terranes 
of garnet-biotite-gneisses„
Rocks of this type have been recognised from many 
parts of the Basement of Malawi, and despite their 
heterogeneity on the microscopic scale, and their resem­
blance to injection-gneisses on the macroscopic scale, 
published descriptions are remarkably in agreement with 
one another; regionally they seem to constitute a quite 
uniform, type. There seems little reason to suppose 
therefore, despite their finely injected appearance, that 
they have suffered any greater introduction of material 
chan the normal Basement gneisses.
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Association of metasedimentary bands such as marble 
and khondalite suggests a possible sedimentary origin for 
these gneisses themselves.
The two rocks of this type from the Fort Johnston 
area which have been analysed (Table V) are not quite 
typical of all those sectioned, as they contain large 
microperthite porphyroblasts and may have been abnormally 
enriched in alkalies.
The assemblage quartz-orthoclase-plagioclase- 
almandine-biotite is one of those vbich is quoted by 
Turner and Verhoogen (op. cit. p.550) as being typical of 
the politic and quartzofelspathic group of the sillimanite- 
almandine-orthoclase subfacies of the almandine-amphibolite 
facies„
Also occur in the Basement of Malawi in the following areas 
South Rukuru (Reeve 1953)
Middle Shire (Morel 1958 p.24)
Port Herald (Bloomfield 1958 p.21)
East of Chiradzulu (Evans 1961 p.11)
North-west of Lake Malombe (Moser 1965 p.7)
East of Lake Malombe (Kirkpatrick 1965 p.10)
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ix) Biotite-gneiss and migrnatite
Textures strongly gneissic to pegmatitic in parts,
in thin section lepidofolastic to granoblastic 
or porphyroblastic.
Grain sizes generally greater than 0.5 ram.
Mineral assemblagess
Essentially biotite-quartz-oligoclase-orthoclase
(commonly microperthitic)
Accessories iron ore, apatite, zircon.
myrmekite very common.
Notes s
The biotite is normally strongly pleochroic from 
a dark muddy brown (vandyke brown) to straw-yellow, though 
in a few rocks it has been bleached or chloritised. Red- 
brown biotite characteristic of the garnet-biotite- 
gneisses is completely absent.
The quartz is commonly lobate, in some it is 
clearly secondary. Cloudiness of plagioclase and relative 
freshness and freedom from alteration of potash-felspar, 
a common feature of paragneisses in general, is 
particularly pronounced in the biotite-gneisses.
Rocks of this type, while showing a restricted 
variation in mineral composition are very variable in 
texture. Like the quartzofelspathic gneisses, into which
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grade by decrease in biotite content, they are clearly of 
diverse origin, and it is mainly on texture that they can 
be sub-divided. Although the origin of some of them is a 
matter of conjecture, the following broad classification 
based on general appearance and field relations probably 
has some validity with respect to the main types.
Biotite-rniqmatites are the most common type by far. They 
include partly mobilised banded or foliated gneisses in 
which biotite is the principal dark mineral, but which may 
carry relics of other ferroraagnesians. It includes also 
generally concordant but partly ptygmatic veins of felsic 
material varying from less than an inch to several feet 
across, the latter type being generally pegmatitic. Large 
crystals of microperthitic orthoclasea^-'-d microcline are a 
normal feature of these vein rocks, and interstitial 
myrmekite is comraon in them.
In the Fort Johnston area such rocks occur in a 
number of localities where the migmatitic perthosites are 
seen to be intermediate in nature between the paragneisses 
from which they are developed by a migration of felspathic 
material, and more uniform perthosite-gneisses or 
perthosites. The process seems primarily one of permeation
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in the first stage of which an increase in grain size and 
the development of felspar porphyroblasts occurs in the 
mobilised gneisses. Following this, the more leucocratic 
horizons of the original banded gneisses suffer inflation 
by the preferential deposition in them of the incoming 
felspathic material, causing the formation of coarse 
pegmatitic lenses within the rock and a distortion of the 
original banding. As migmatisation proceeds this distor­
tion gives way to complete destruction of the original 
banding, and results ultimately in the formation of a 
uniform rock. Good exposures of rocks showing all these 
features are found in the north-east of the area along 
the Lake-shore villages of Chikulo and Chiponda (Holt 
1961 p.31).
From the Middle Shire area of Malawi similar rocks 
have been described by Morel (1958 p. 30) as having the 
typical appearance of injection-gneisses. From the Zomba 
area Bloomfield (1965B p.45) has described biotite- 
gneisses which form recrystallised bands in charnockitic 
and hornblende-biotite-gneisses. He also describes 
concordant pegmatites from the same area (loc. cit. p.57) 
in which the commonest ferromagnesian mineral is biotite
225.
and the commonest felspar is microperthite„
In Ceylon a similar association of migmatitic 
rocks and pegmatite veins of replacement and secretion 
origin (Cooray 1961) occur in an area of partly altered 
charnockitic rocks (the Wilgomuwa belt) and become among 
the most predominant types in an adjacent area where 
retrograde metamorphism has obliterated all trace of 
charnockitic rocks (the Vijayan Series).
Although such rocks may develop from any of the 
various types of Basement paragneiss described above, 
because by their very nature they must clearly represent 
a disequilibrium stage in a process of change in meta- 
morphic grade they cannot be assigned to any particular 
facies.
Psammitic biotite-gneisses are distinguishable from the 
biotite-migmatites by their more regular foliation, lack 
of contortions and general lack of evidence of 
mobilisation, and by more uniform grain-size. A further 
distinguishing feature is their mode of occurrence; they 
a common associate of true quartzofelspathic gneisses 
of which they often form a marginal facies, or with which 
they are commonly interbanded.
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In appearance they resemble quartzofelspathic 
gneisses, but they carry more biotite and are therefore 
generally either more banded or more fissile. Flaggy 
types, characterised by a regular fine banding are locally 
coromon.
h typical assemblage of quartz-orthoclase- 
plagioclase-biotite places them in the politic and semi- 
pelitic group of the sillimanite-almandine-orthoclase 
subfacies of the almandine-amphibolite facies (Turner and 
Verhoogen op. cit. p.550).
Silicified gneisses and tectonites constitute a distinct 
and special type of migrnatite which usually contains 
biotite and which is distinguished by an abundance of 
markedly lenticular or elongate aggregates of quartz.
Such rocks invariably show acute strain effects and in 
some cases mylonitisation. Some occur in recognisable 
zones of dislocation, though this is not always the case. 
Some probably represent originally psamraitic paragneisses; 
in others, notably those which occur in fault zones, along 
which silicification is knov;n to occur in many parts of 
Malawi (Holt 1953 p.13, Habgood 1963 p.32), the quartz is 
probably secondary. In all cases biotite, which is often
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associated with trails of iron ore dust, is the sole 
ferromagnesian. The felspar is normally albite, often 
microcline is also present, but both are usually 
subordinate to quartz.
Biotite-gneisses, biotite-migmatites and biotite- 
pegmatites have been described from various parts of the 
Basement of Malawi as follows :
Middle Shire area (Morel 1958 p.30)
Port Herald area (Bloomfield 1958 p.22)
Tambane area (Cooper and Bloomfield 1961 p. 12)
Soiriba area (Bloomfield 1965B pp. 45 and 57)
c) Petrochemical nature and possible petrogenesis
i) Possible derivation
The view that the paragneisses of the Port 
Johnston area are a layered series of largely crystallo- 
blastic rocks which must foe regarded as having developed 
from a layered series of largely clastic rocks has 
already been expressed in the discussion of the nature 
and origin of their foliation (see Section 2b(i) of this 
Chapter).
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Although it occurs on a fairly small scale, the 
interbanding of metasedimentary horizons with the normal 
metamorphic gneisses throughout the Basement Series of the 
Fort Johnston area is of particular interest, because it 
offers evidence of a possible predominantly sedimentary 
origin for the whole succession.
The question of the original nature of the clastic 
rocks from which this succession could have been derived 
has now to be considered, a question which must, in the 
absence of original sedimentary textures, be studied 
largely by reference to the chemistry mineralogy and 
lithological associations of the rocks themselves.
The principal of attempting to ascertain the 
derivation of metamorphic rocks by comparing their compo­
sitions as determined by analysis for the major elements 
with those of standard or averaged common sedimentary types 
has frequently been adopted. The method commends itself 
as long as some chemical resemblance remains between the 
metamorphic rock and its sedimentary antecedent, because 
in the absence of relict textures it provides what would 
seem to be the most direct and logical approach to the 
problem.
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The main difficulties in applying the method to any 
particular rock or rock series may be summarised as follows
i) Analyses of sedimentary rocks chosen for 
comparison must be representative as far as 
possible of standard types.
ii) Analyses of metamorphic rocks chosen for 
comparison must likewise be representative 
of particular and well defined types.
iii) Direct comparisons can only be made if the 
metamorphic rocks are regarded as not having 
departed significantly from their original 
composition during metamorphism.
The averaged analyses of sedimentary rocks such as 
those given by Clarke (1924), Nanz (1353), Shaw (1956) 
and Pettijohn (1957) which have been widely used as stan­
dards of comparison cannot according to Albee (1952) be 
regarded as satisfactory for the purpose since even the 
raost well-defined lithological types show a range of com­
position which may vary widely. Albee's proposal that 
comparison should only be made with analyses of individual
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sediments after taking into account the geological setting 
of the rocks to be compared would hardly seem practicable 
in highly deformed and metamorphosed fold belts, however ; 
Selection of the 'primary standard* of sediment can at 
best be a compromise therefore.
The effects of variation in the composition of the 
metamorphic rocks can be eliminated if sufficient number 
of analyses are available by plotting appropriate 
variation diagrams. Butler (1965) has recently demon­
strated a number of methods for the treatment and presen­
tation of such data.
Direct comparisons of chemical composition can 
often be made between the rocks within a metamorphic 
series which retain their identity as metasediments and 
unmetamorphosed sedimentary rocks. In highly metamorphic 
terranes such metasediments generally represent the 
extreme products of sedimentary differentiation, however, 
ioOo they are the most politic, psammitic or calcareous 
types. Indeed it is to the extremes of original compo­
sition that these rocks owe their preservation as meta- 
sediments. As Read (1957 p.347) has pointed out, of all 
the rocks in a sedimentary pile it is they that require
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the maximum expenditure of energy and material for their 
transformation to normal gneissic types. They are the 
stubborn 'last ditch' survivors that he terms resisters.
Since the psanimites and marbles are developed from 
virtually monomineralic rocks by recrystallisation there 
is little need to prove their identity by comparing 
analyses; in the case of the pelites, however, where a 
growth of nev; minerals is involved, it is necessary to do 
so.
Although only two analyses of Fort Johnston 
khondalites have been carried out, these, despite the fact 
that they were done on samples from localities 15 miles 
apart, are quite similar and quite unlike those for any 
other metamorphic rock that has ever been analysed from 
any part of the Malawi Basement. They are moreover in such 
good general agreement with the analyses given by Nanz 
(1953) for some Precambrian and Palaeozoic slates (Table VI) 
that they provide convincing evidence of a pelitic origin 
for these khondalites.
For a number of reasons, which will become apparent 
in the following paragraphs, the writer does not however 
■cavour extending this principle to an interpretation of the
232.
TABLE VI
Comparison of the chemical composition of the Fort Johnston 
khondalites with that of Precambrian and Palaeozoic slates.
Weight per cent
4206 4623 RHN6 RHN9 RHNP
SiO^ 68.17 66.44 58.53 60.03 60.15
'-2^3
Pe^O^
PeO
16.56
2.36
5.41
17.93
6.31
1.72
19.35
1.74
0.23
17.05
1.14
7.16
16.45
4.04
2.90
MgO 1.44 0.24 1.52 3.15 2.32
CaO 0.22 nil 0.18 0.44 1.41
Na^O 0.72 0.35 0.31 1.64 1.01
K2 O 3.17 2.71 4.85 3.41 3.60
1.21 2.81 3.65 3.63 3.82
H^OK. 105 0.11 0.69 0.09 0.11 0.89
TiO^ 0.61 0.77 0.72 0.95 0.76
^2^5 0.05 0.10 0.04 0.09 0.15
mo 0.11 0.03 0.03 0.03 Trace
^"2 0.02 nil 0.23 0.12 1.46
c nil nil 0.32 0.19 0.88
100.16 100.10 99.79 99.94 99.84
For Key see overleaf.
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4206 Malawi; Fort Johnston area khondalite.
4623 Malawi; Fort Johnston area khondalite.
RHIT6 U.S.A., Michigan. Precambrian Siamo slate
(Nanz 1953, Table III).
r:®9 U.S.A., Michigan. Precambrian Michigamme slate
(Nanz loc. cit.)
RHNP U.S.A. Average of 51 analyses of Palaeozoic 
slates. (Nanz op. cit., Table IV)
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origin of the normal gneisses of the area.
For example, on the grounds that Shaw (1956) 
concluded that the only significant overall chemical 
changes which sediments undergo during normal regional 
metamorphism are loss of H _0 and C0_. Bloomfield (1965B 
p.35) applied this principle of direct comparison of 
analyses to these normal banded and foliated gneisses of 
the Malawi Basement, which he regards as unmetasomatised. 
This led to the conclusion that the pyroxene--hornblende- 
biotite-gneisses could have been derived either from 
greywackes or ca 1 car ecu s/do lomi tic shales, and that 
associated charnockitic types could be similarly derived. 
Earlier Bloomfield (1953) noted however that an association 
of interbanded marbles is inconsistent with a development 
from greyv/ackes since the two belong to different 
depositional environments, and that a derivation from 
do lomitic shales, with intercalations of salty illitic 
clays to account for the high Na content, is more likely.
He admits, however, that this theory also has its 
disadvantages because neither such saline clays nor thick 
sequences of calcareous shales are common in nature.
The same difficult faced Engel and Engel (1953)
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in attempting to explain the origin of the paragneisses 
of the Grenville series of the north-west Adirondaks.
These gneisses are far more sodic than normal shales, yet 
their high Na content is regarded as ' inherent in the 
sedimentary particles or added at the time of sedimentation' . 
Their chemical composition corresponds to graywacke type, 
but their association with marbles and quartsites suggests 
that the gneisses may have been derived from shales or 
argillaceous sandstones. They therefore suggest that the 
gneisses must have been derived from, shales that were 
abnormally saline, and it is proposed that the doctrine of 
uniforraitarianism may be relaxed to account for this.
More recently Butler (1965) has encountered similar
difficulty in offering an explanation of the origin of the
Moine rocks with high 17.a O/K^O ratios in terms of
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sedimentary composition without the effects of introduction 
of material during metamorphism. He accordingly concludes 
that the psamraites are derived from arkoses or felspathic 
guartzites, and the garnetiferous biotite-gneisses from 
greyi^/acke or silt having high CaO and Na.^0 contents.
The difficulty is a general one because few gneisses 
are as low in Na^O and total alkalies as the Idiondalites
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(average 0.23 and 3.47 par cent respectively for the Fort 
Johnston ones).
A perusal of 178 analyses of high grade gneisses 
and charnockites from Europe, Africa and Asia (Groves 1935, 
17" Howie 1954, 34: Cooray 1960, 54  ^ Butler 1965, 73)
together with 11 fro:ai Malawi (Tables III-VII) shows that
f
in all except the most basic the total alkali lies between 
5 and 10 per cent, and is usually between 6 and 3 per cent.
Yet a consideration of the mobility of alkali ions 
during normal weathering (Goldschmidt 1954) indicates that 
a fairly low content of alkalis must be regarded as an 
inherent feature of normal sediments. Clarke‘s average 
shale (1924 p. 34) contains 1.30 per cent Na_0 and 4.54 
per cent total alkalis. Bastin (1909) has shown that as 
compared with metamorphic rocks sediments tend to show a 
dominance of MgO over CaO, of K^O over Na.O, a high SiO^ 
content, and an excess of Al^O^ over the amount required 
for felspar.
Lapadu-Hargues (1945) observed differences in 
chemical composition between shales and gneisses which he 
attributed to an influx of calc-alkaline material during
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TABLE VII
Paragneisses of the Melawi Basement.
Analyses of types similar to those occurring in Fort 
Johnston District, but from other areas, omitting that 
already given in Table V„ Weight per cent.
B
1500
B
1797 E194 E245 E195
B
1541
G
1453
B
158
SiOg 61.32 66.00 57.13 49.60 44.97 53.81 71.60 66.46
16.50 16.64 20.25 17.09 13.66 14.80 14.40 14.89
1.34 1.58 1.52 3.91 3.21 4.38 1.84 1.27
PeO 4.31 2.70 3.54 5.53 8.79 5.29 0.49 4.88
Mgd 2.17 1.28 2.43 4.46 11.96 4.76 0.26 1.45
CaO 4.00 4.56 7.12 8.28 10.36 7.84 1.47 2.60
Ha^O 3.69 5.15 5.15 3.89 2.35 4.58 3.99 2.71
K^O 4.59 0.95 1.08 3.03 1.58 1.32 4.95 4.54
HjO>105'> 0.06 0.17 0.25 0.60 0.38 0.72 0.30 0.10
H^0< 105 ° 0.12 0.07 0.20 0.21 0.28 0.02 0.16 0.07
TiO^ 0.87 0.37 0.41 1.39 1.34 1.36 0.31 0.74
0.35 0.21 0.19 1.19 0.23 0.52 0.10 0.22
% 0 0.09 0.07 0.16 0.23 0.36 0.19 0.02 0.11
GO
2 0.56 nil 0.67 0.44 0.37 0.17 0.36 0.21
99.97 100.25 100.10 99.85 99.84 99.76 100.25 100.25
-Or key see overleaf,
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B1500 Zomba Quarry.
Biotite-hypersthene granulite. Anal. W„H„ 
Herdsman. (Bloomfield 1965B p.34, Table III)
B1797 Quarry near rifle range, Zomba.
Leucocratic charnockitic granulite. Anal. 
J.R. Baldwin. (Bloomfield loc. cit.)
E194 Lirangwe Valley, Chiradzulu.
Intermediate charnockitic granulite. Anal. 
W.H. Herdsman. (Evans 1966 - in the press) .
E245 Mombezi River, Chiradzulu.
Intermediate charnockitic granulite. Anal. 
W.H. Herdsman. (Evans loc. cit.)
E195 Lirangwe Valley, Chiradzulu.
Basic charnockitic granulite. Anal. W.H. Herdsman 
(Evans loc. cit.)
31541 Zomba District, Liwonde-Balaka road.
Hornblende-biotite-gneiss. Anal. W.H. Herdsman. 
(Bloomfield op. cit. p.39, Table IV).
G1453 Mianje District. Near Nambazu School.
Quartzofelspathic granulite. Anal. M.H. Kerr. 
(Garson 1362 p.32, Table I).
B158 Zomba District, Liwonde-Balaka road.
Felspathised hypersthene-biotite-gamet-gneiss. 
Anal. W.H. Herdsman. (Bloomfield loc. cit.).
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metamorphism. Read (1951) expressed the view that there 
are innumerable features of regionally metamorphic rocks 
that support a me ta soma tic origin, and pointed out that if 
this is the case a change of composition of original rocks 
on metamorphism is to be expected.
Turner and Verhoogen (1950 p.561) consider that 
both metasomatism and metamorphic differentiation, often 
proceeding simultaneously, bring about changes in chemical 
composition of rocks during metamorphism, and they regard 
alkali metasomatism as being a common feature in the 
metamorphism of silicate rocks (loc. cit. p.569).
Thus the comparatively high content of alkalis in 
the metamorphites and charnockites referred to above could 
be accounted for in terras of introduction of alkali during 
metaraorphism, and if this view is accepted the need for 
explaining their origin in terms of rather unusual sediments, 
or associations of sediments, is largely obviated.
Even though the nature and degree of introduction 
of material may be variable and unknown, the view that no 
chemical changes result from high-grade regional meta- 
raorphism seems rather extreme, and unlikely to be generally 
true.
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Except in the special case of the resisters it 
therefore seems difficult to justify interpreting the 
composition of high-grade gneisses directly in terms of the 
composition of sediments.
The gneisses could nevertheless foe regarded as 
representing the more mixed types of sediments (the 
yielders) which have been partly homogenised under the 
influence of metamorphic convergence. These might be 
expected to include such types as finely interbanded 
pelites and semi-pelites, marls, and even boulder beds.
If such a succession existed it would, together 
with the resisters, resemble that of the Dalradian, the 
Scottish part of which Read (1948 p. 16) described as being 
composed of innumerable varieties of metamorphic types 
including quartzites, schistose grits, limestones, calc- 
silicate rocks, slates and phyllites.
ii) Nature and degree of me tamo r ph i sm
The following are the salient features of the 
paragneisses which must be regarded as relevant to an 
assessment of the metamorphic history of the areas-
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The absence of definite metamorphic zones and 
isograds.
The abundance of charnockitic and hypo char no ck i t i c 
types.
The widespread occurrence of biotite
The widespread occurrence of late microperthite
The prevalence of disequilibrium textures.
The occurrence of superimposed folding.
The absence of definite metamorphic zones and isograds
Although the metamorphic grade of the rocks of the 
area range from high granulite facies to high almandine- 
amphibolite facies the various sub facies appear to grade 
into one another, and it was not found possible to dis­
tinguish boundaries between them. The situation is 
summarised in a recent paper by de Waard (1965 p. 455) in 
a description that is appropriate to the Fort Johnston 
areas -
'it has become apparent that (in granulite facies terranes 
that are not completely anhydrous) there is an extensive 
zone of transition between regions of the alraandite- 
s^nphibolite and granulite facies which bears the charac- 
«-eristics of both but does not belong to either. This 
transitional zone is characterised by two phenomenas
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1) Predominance of mixed but apparently stable assemblages 
containing orthopyroxene, which is distinctive of the 
granulite facies, but also of biotite, or hornblende, or 
both, clearly suggesting affiliation with the almandite- 
amphibolite facies. 2) Close association and intermingling 
in the field of these mixed assemblages with typical 
assemblages of the granulite facies and with typical 
assemblages of the almandite-amphibolite facies'.
As a solution de Waard proposes that the transitional rocks 
could, on the basis of mapping biotite-hornblende, garnet 
and cordierite isograds be subdivided into a number of 
subfacies. In the Fort Johnston area the close association 
of the main types, the fact that the occurrence of garnet 
seems to be as much influenced by composition as by meta­
morphic grade, and the absence of cordierite, makes it 
doubtful if such a procedure could be followed, however.
This close intermingling of types has been noted 
trom adjacent areas of the Malawi Basement (Bloomfield 
1965B p.60» Walshaw 1966 - in the press), and also from 
other parts of the Mozambique belt (e.g. Harpum 1954) .
The abundance of charnockitic and hypocharnockitic types
Excluding the resisters (i.e. quartzofelspathic 
granulites etc.) some 55 per cent of the paragneisses 
sectioned proved to be either charnockitic or
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hypo charnockitic (i.e. pyroxene-gneisses of charnockitic 
aspect). In this respect the area seems to differ from 
many other areas of the Malawi Basement where hornblende- 
biotite-gneisses are reported as being the most abundant 
rock type.
In Ceylon Cooray (1962 p.178) has described a 
closely similar association of types from a zone of retro- 
gressively altered charnockitic rocks transitional between 
an area of largely unaltered charnockites (the Highland 
Series) and an area of almandine-amphibolite facies rocks 
(the Vijayan Series).
From the area round Scourie in the North-West 
Highlands of Scotland Sutton and Watson (1951 p.270) have 
described charnockites, charnockitic rocks, and rocks 
closely resembling charnockites but lacking the essential 
mineralogical peculiarities of the group, which are closely 
associated and sometimes interbanded. The area is one in 
which there is clear evidence that the charnockitic rocks 
have been deformed and partly downgraded and migmatised 
in later episodes of metamorphism. In respect of this 
close association of charnockitic and non-charno cki t i c 
types (and also in other important respects, as will be
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shown later) the Fort Johnston area bears striking 
resemblances to parts of the Scourie area, even though in 
Fort Johnston evidence of unaltered charnockites appears 
to be lacking.
The widespread occurrence of biotite.
Biotite is the most abundant and widely distributed 
ferromagnesian mineral of the Fort Johnston paragneisses. 
It occurs in all compositional types from the most acid to 
the most basic, and in all grades from the highest 
granulite facies to the almandine-amphibolite facies. It 
was seen in three-quarters of the sections examined, and 
the proportion of rocks in which it occurs is probably 
higher than this because in some biotite -hornb 1 en de - 
gneisses and quartzofelspathic granulites it is somewhat 
irregularly distributed.
Rocks containing biotite would not normally be 
regarded as being of high granulite facies, since Turner 
(1953 p.232) retained Eskola's original stipulation that 
granulite facies as a whole lacks biotite and hornblende 
(1939 p. 360) to cover his highest subdivision of that 
facies, the pyroxene -granu 1 i te sub facies. Because of the
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susceptibility of these rocks to diaphthoresis during 
cooling, a late development of biotite in an otherwise 
stable assemblage is not however regarded as necessarily 
invalidating their high-grade status (Turner op, cit, 
p.233) o
The fact that most of the Fort Johnston khondalites, 
garnetiferous quartzofelspathic granulites and 
charnockitic granulites carry biotite, but that a few of 
each type are devoid of it, indicates that part of the 
area at least reached pyroxene-granulite facies grade of 
metamorphism, and that diaphthoresis has acted in a non- 
uniform manner.
As has already been stated in a description of the 
hypersthene-granulites, in some of these rocks hornblende 
and biotite occur with little textural evidence of 
disequilibrium between associated phases. This is a 
characteristic of the lower division of the granulite 
facies - the hornblende-granulite sub facies (Turner op, 
cit, p,232). The intermingling of pyroxene -granu 1 i te and 
hornblende-granulite subfacies in the field. Turner notes 
(loc, cit, ) , is not uncommon, and could be due to polymeta­
morphism, especially in older Precambrian terranes where
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orogeny and metamorphism are likely to have been repeated.
He also however envisages that the association could in 
some cases be due to local gradients in temperature and 
water pressure during one phase of metamorphism.
The biotite of these granulite facies rocks is 
characteristically of a deep reddish-brown to mahogany- 
brown colour, in contrast to the biotite of the lower-grade 
rocks which is dull greyish-brown. A mahogany-brown 
biotite from the charnockite series of Uganda was shov/n by 
Groves (1935 p.160) to be deficient in hydroxyl, fluorine 
and alkalies, a feature consistent with it having 
developed in comparatively dry and unmetasomatised 
conditions.
A widespread occurrence of biotite is also one of 
the prominent features of the transitional (Wilgomuwa) 
belt of retrogressively altered charnockitic rocks of Ceylon 
(Cooray I960 Table V) . In the Scourie area of Scotland 
red-brown biotite is also a common constituent of the 
charnockitic rocks (Sutton and VJatson 1951 p. 268) and dull- 
brown biotite one of the chief m.inerals of the non-
charnockitic group.
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The widespread occurrence of late microperthite.
Potash-felspar occurs in over 90 per cent of all 
the paragneisses sectioned, and in over half of these it 
is microperthitic. As already noted (Section 2a (i) of 
this Chapter) much of this microperthite is of the patch 
or vein type and exhibits all the features which have been 
described by Ailing (1921), Anderson (1929) and others as 
being indicative of a replacement origino The fact that 
Heier (1961) has described microperthites of replacement 
origin in some Norwegian granulites which show cauliflower 
textures similar to those seen in some of the micro­
perthite of the Fort Johnston rocks has also been noted.
Although the microperthitic textures themselves 
suggest a partial replacement of potash-felspar by soda, 
there is no abundant development of secondary albite or 
of soda pyroxenes or amphiboles in these rocks to support 
the view that they have suffered an influx of soda. That 
the development of late microperthite may be indicative 
an influx of potash is however suggested by the fact 
that in the alaskites of the Boulder batholith of Montana 
wnich are regarded as having developed from quartz- 
monzonites by extreme deuteric potash metasomatism, it is
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a prominent mineral.
Robertson (1959) has described and illustrated 
replacement-type textures in the microperthites of these 
alaskites that closely resemble those of the Fort Johnston 
microperthites. The original calcic plagioclase of the 
Montana rocks is shown to have been broken down by the 
advancing front of potash metasomatism and its sodic com­
ponent rearranged in orthoclase in blebs and patches 
resembling perthitic textures. The breakdown of plagio­
clase, as described by Robertson, is very similar to that 
which has already been noted as being associated with the 
development of microperthite in the Fort Johnston rocks 
(Section 2a(i) . According to Phillips (1964) the unmixing 
of a high-temperature plagioclase may result in the 
formation of myrmekite as well as albite? the fact that 
the Fort Johnston rocks which show a breakdowri of plagio­
clase and a build-up of microperthite myrkemite is nearly 
always prominent has also already been noted (loc. cit) .
Even though the detailed interpretation of such 
features in terms of movement of alkali ions may remain 
obscure, it does seem very probable on textural evidence 
alone that the microperthite formed as a result of an
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introduction of potash.
Although microperthite occurs in some charnockitic 
rocks it is most prominent in the hornblende and biotite 
gneisses, and particularly in the felsic bands and 
dilatation veins which are particularly associated with 
the lower grade rocks throughout the area. It is this 
association which makes the conclusion that microperthite 
is a result of potash metasomatism almost inescapable.
In the Scourie area of Scotland Sutton and Watson 
(op. cit. p.291) have noted that microcline, which is 
prominent in rocks affected by the later metamorphism, has 
formed at the expense of pre-existing plagioclase, since 
the total felspar in them is no greater than in equivalent 
rocks affected by the first metamorphism only. A potash 
metasomatism and loss of lime and soda is thus inferred.
In Ceylon where charnockites and charnockitic rocks 
have been retrogressively metamorphosed to biotite and 
hornblende-gneisses, microcline is also the characteristic 
potash-felspar, but in the transitional zone of partly 
altered charnockitic rocks the felspar is generally coarsely 
perthitic (Cooray op. cit. p.362).
2 50.
In the north-west Nile District of Uganda 
Macdonald (1963 p.52) has described retrogressively 
altered charnockitic Basement rocks in which;
'perthite of the coarse hair type is abundant, together 
with much coarse myrmekite which appears to erode the 
plagioclaseo The conclusion that the potash felspathisa- 
tion has proceeded together with the retrogression is 
difficult to refute. There seems little doubt also that 
the myrmekite is a synantic reaction mineral'.
The prevalence of d - i s e c f u ilibrium textures.
Although textures have already been discussed in 
some detail in Section 2 of this Chapter it is worthwhile 
to repeat the main conclusions of that discussion. This 
was that textures are generally transitional, not wholly 
schistose or gneissic, not truly granulitic, not normally 
porphyroblastic, yet having affinities witn all these 
types. It was subsequently shown (in Section 3) that the 
transitional nature of the textures is matched by the 
transitional nature of the mineral asseroblages with re p 
to grade of metamorphism. It is now appropriate to con 
sider these facts in relation to one another.
Although truly equigranular rocks are lacking 
throughout the Basement Series it is among the hypers
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granulites devoid of microperthite that textures are least 
disordered. In a few of these biotite does not occur, in 
others it is minor in amount and apparently diaphthoretic. 
These rocks appear to correspond to the pyroxene-granu 1 ite 
subfacies (Turner 1953 p.232) which may have undergone 
changes during the waning stages of granulite-facies 
metamorphism, but are not truly polymetamorphic. In some 
other hypersthene-granulites lacking in microperthite in 
which biotite occurs there is no apparent disequilibrium 
between the associated minerals. These correspond to 
Turner's hornblende-granulite sub facies. '/Whether they 
represent rocks which never quite reached pyroxene- 
granulite subfacies grade, or whether they were pyroxene- 
granulite rocks which achieved some degree of equilibrium 
at a slightly lower grade during the waning of the meta- 
morphism is difficult to judge.
It is the hypersthene-granulites that carry micro­
perthite (one third of the whole) that show the greatest 
textural inhomogeneity among the group however. These, 
without exception, show alteration of hypersthene and 
growth of biotite or hornblende, often directly from 
orthopyroxene. The disequilibrium textures they display
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provide clear evidence of their retrograde origin.
Furthermore the association in them of microperthite, biotite 
and hornblende with relict granulitic textures and granulite 
facies assemblages provides clear evidence of the effects 
of both granulite and aImandine-amphibo1ite facies meta- 
morphism, as well as an introduction of potash. There can 
foe little doubt therefore that they are truly polymeta.~ 
morphic.
In some of the clinopyroxene-gneisses in which 
microperthite occurs the textures indicate no very marked 
disequilibrium. It would seem therefore that in these 
apparently rather lower grade rocks a condition of mete­
stability, if not actual stability, in the conditions of 
the later metamorphism was reached. Alteration of 
clinopyroxene to hornblende or biotite, sometimes in rocks 
devoid of microperthite, shows the complexity of the 
problem however, and the difficulty of establishing the 
true status of these clinopyroxene-gneisses.
Textures of hornblende and biotite-gneisses are 
generally more heterogeneous than those of the pyroxene- 
gneisses. Microperthite and quartz have a tendency to form, 
che largest crystals or crystal aggregates in them, and
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some are distinctly porphyroblastic. Microcline occurs in 
a few of them, a mineral not seen at all in the pyroxene - 
gneisses. Enrichment in potash, indicated by a general 
predominance of potash-felspar over soda, and clouding of 
the plagioclase is a constant feature of these rocks.
Many have the field appearance of migmatites, and 
texturally most are migi'aatitle in some degree.
In the association of potash metasomatism and partial 
migîLiatisation with retrogressive changes in rocks 
previously of granulite facies grade the resemblance of the 
Fort Johnston area to that of Scourie (Sutton and Watson 
op. cit.) and to the areas of transitional rocks in Ceylon 
(Cooray op. cit.) as well as the north-west Nile District 
of Uganda (Macdonald op. cit., also Hepworth 1951) has 
already been referred to and is too striking to need further 
elaboration.
The occurrence of superimposed folding.
Although retrogressive me tamor ph i sm has been regarded 
us a somewhat uncommon phenomenon, it is becoming 
increasingly apparent as parts of the relatively inacces­
sible shield areas of the earth become better known that
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quite large areas of Archean rocks, particularly in Africa, 
are so affected. In almost every case where such poly­
metamorphism exists relics of the higher grade rocks are 
typified by one style and direction of folding marlcing an 
early phase of deformation, and the lower grade rocks by 
another of different style and direction, marking a later 
phase of deformation. In areas of metamorphica11y 
transitional rocks evidence of both episodes of deformation 
is seen. This is the classic pattern, established by 
Sutton and Watson (1950) for the North-West Highlands of 
Scotland where two episodes of metamorphism and deforma­
tion are shown to be separated in time by a period of 
uplift and tension marked by the intrusion of a series of 
dolerite dykes. In such terranas the second def9rmgj:igJl 
is identified by the fact that it tends to produce ^^hgur 
belts in rocks least affected by the second metamorphism, 
whereas in the rocks which have been metasomatised and 
niigmatised plastic deformation has produced effects which 
are more variable, but usually include extensive 
reorientation of minerals, and even of whole metasedimentary 
horizons (Sutton and Watson op. cit. p.258), In the Scourie 
area the fact that movement occurred in a phase of ' ' -
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microcline formation is emphasised by the contorted nature 
of the gneisses in foci of potash activity. On the other 
hand the rocks which show little sign of introduction of 
potash tend to show signs of granulation and other effects 
of post-crystalline deformation, suggesting that they 
remained comparatively rigid during the second deformation.
The fact that two fold trends, running NNW-SSE and 
NE-SW respectively, occur in the Fort Johnston area, and 
probably over a large part of Southern Malawi has already 
been demonstrated in Section 2 of this Chapter. The fact 
that two episodes of metamorphism have taken place, the 
first a relatively high grade anhydrous one, the second a 
hydrous one involving a potash metasomatism, has now also 
been demonstrated.
It is now important to try to determine as far as 
possible to what extent and in what way these episodes of 
metamorphism and episodes of deformation are associated, 
using the criteria which have been established in the 
North-West Highlands and elsewhere.
The problem is complicated by the fact that in the 
Fort Johnston a:*" a rocks of the main facies types are 
somewhat mixed, an*. Iso by the fact that transitional
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types of uncertain facies such as clinopyroxene-gneiss 
and garnetiferous biotite-gneiss occur over wide areas.
Structurally the problem is complicated also by the 
fact that post-crystalline deformation does not seem to 
be in evidence to any marked degree, even in the highest 
grade rocks. This may possibly be due to the fact that 
the whole area is largely transitional, so that annealing 
crystallisation could have taken place widely during the 
waning stages of the second metamorphism. Although no 
shear belts were recorded, these may occur and not have 
been revealed at the scale at which mapping was carried 
out. Because extensive outcrops are rare in such areas of 
tropical weathering, such features could easily be missed. 
The fact that shear belts occur in the Blantyre/Limbe 
area 120 miles to the south (Fig. 29) and elsewhere in 
Malawi, but are not normally exposed, though they can be 
picked out by electrical resistivity traverses, has 
already been referred to. Lack of detailed information 
on minor structures is also a handicap to correlation of 
episodes of metamorphism with particular fold trends.
It is however probably significant that the only 
hornblende-biotite gneisses completely devoid of pyroxene
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found in the area were collected from among the E-W 
trending Lutende gneisses and gneisses of the Michelelo 
limestone group which occur east of the Lake, The fact 
that migmatisation is a common feature of the Lutende 
gneisses has already been noted, and the fact that some 
biotite gneisses forming part of the Lutende gneiss group 
lying on the north and southern flanks of the Hindi 
anticline were the only rocks of the area in which two 
clearly megascopically visible lineations were noted may 
also be significant.
Also on the east side of the Lake, due west of 
Mangoche Mountain the Chowe biotite-pyroxene-gneisses 
maintain a consistently NE-SW trend. In these rocks 
microperthite is prominent and pyroxene is normally 
heavily riramed or relict. No hypersthene-granulites were 
noted among any of these E-W or NE-SW trending rocks 
though they are common among the predominantly NN^^-SSE 
trending rocks of the Chikulo khondalite group.
On the west side of the Lake where NN^^-SSE trends 
predominate no true hornblende-biotite-gneisses were 
flapped. The politic group of gneisses are all pyroxene- 
bearing. many are charnockitic.
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It seems therefore that in the Port Johnston area 
there is some evidence of a general association of 
orthopyroxene with the NIW-SSE trending rocks, and an 
association of prominent microperthite partial migmatisation  ^
alteration of clinopyroxene and complete absence of ortho­
pyroxene with the E-W and NE-SW trending rocks.
These deductions, although they may seem somewhat 
tentative when based on studies of the paragneisses alone 
and without particular attention to minor structures, 
appear to be well confirmed from studies of the migmatites 
and anatexites, as will be shown in the next Chapter.
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4) Conclusions concerning the origin and metamorphic
history of the paragneisses.
Conclusions drawn from the foregoing description 
and discussion of the structure and petrology of the 
paragneisses may be summarised as follows:
a) The paragneisses are probably developed from a 
series of sediments which included quartzites, lime­
stones and pelitic and semi-pelitic types, the 
latter probably predominating.
b) In an unknovni period of time these underwent a 
series of changes involving enrichment in alkalies 
and culminating in a relatively anhydrous high grade 
granulite facies metamorphism.
c) During the period of this metamorphism the rocks 
acquired banding and foliation with a predominantly 
NNW-SSE trend.
d) During a subsequent, and possibly much later, 
period of metamorphism the high grade rocks underwent 
retrogressive metamorphism and partial migmatisation 
in the presence of potash-rich hydrous fluids.
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e) During this period new folds trending 
predominantly NE-SW were superimposed on the 
previously folded rocks.
f) Although most parts of the area show the 
effects of both episodes of metamorphism some 
relics of the high grade rocks remain which were 
relatively unaffected by the second episode.
These include some charnockitic semi-pelitic types, 
and the resisters? psammites, pelites and some 
marbles„
g) These rocks which were least affected by
the second metamorphism maintain the predominantly 
NNI-'J-SSE trend.
h) In the parts of the area which were most 
affected by the second metamorphism charnockitic 
rocks are absent, microperthite is abundant and 
migmatisation common.
i) In these areas which were most affected by the 
second metamorphism the later imposed, E-W or 
NE-SW, trend is dominant.
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j) Conclusions regarding these events will foe 
borne out in the presentation of a study of the 
migmatites and anatexites which follows.
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5) F a b r ic  and S t r u c tu r e  o f  th e  O rth o c m e is se s .
a ) In t r o d u c to r y  n o te .
In  th e  p ro c e e d in g  s e c t io n  th e  s t r u c t u r e ,  success ion  
and m etam orphic  h i s t o r y  o f  th e  banded and la y e re d  ro cks  o f  
the c r y s t a l l i n e  Basem ent has been d e s c r ib e d  and d is c u s s e d .
I t  has been shown t h a t  a lth o u g h  th e s e  ro cks  have undergone  
n o ta b le  m etasom atism  (and a re  th e r e fo r e  m eta s o m a tite s  
acco rd in g  to  a r e c e n t  d e f i n i t i o n  o f  t h a t  te rm  -  Sorensen  
1 9 6 1 ), th e r e  a re  good reas o n s  f o r  b e l ie v in g  t h a t  th e y  have  
been d e r iv e d  from  an o r i g i n a l l y  s e d im e n ta ry  la y e re d  s e r ie s .  
This p o s tu la te d  s e d im e n ta ry  d e r iv a t io n  th e r e fo r e  j u s t i f i e s  
t h e i r  b e in g  te rm ed  p a ra g n e is s e s  ( A .G . I .  G lo s s a ry  o f  g eo lo g y )
The ro c k s  now to  be c o n s id e re d , a lth o u g h  th e y  b e a r  
the  im p r in t  o f  r e g io n a l  m etam orphism  and a re  in  p a r t  
f o l ia t e d  o r  l in e a t e d ,  a re  d e v o id  o f  p e r s is t e n t  and r e g u la r  
ban d in g , i t  i s  t h i s  c o m p a ra tiv e  u n i fo r m ity  o f  te x tu r e  and  
s tru c tu re  w h ich  is  th e  c h ie f  c r i t e r i o n  t h a t  d is t in g u is h e s ,  
them from  th e  p a ra g n e is s e s , and w hich  to g e th e r  w ith  a 
number o f  o th e r  d i s t i n c t i v e  fe a tu re s  g iv e  grounds fo r  
supposing t h a t  th e y  a re  d e r iv e d  from  igneous ro cks  r a t h e r  
than s e d im e n ts , and a re  th e r e f o r e  to  be c la s s e d  as o r th o -  
gneisses ( A .G . I .  G lo s s a ry  o f  g e o lo g y ) .
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The f a c t  t h a t  in  th e  p a ra g n e is s  s e r ie s  o n ly  th e  
sediments o f  m ost e x tre m e  o r i g i n a l  c o m p o s itio n  (th e  
r e s is t e r s )  have p re s e rv e d  t h e i r  i d e n t i t y  has a lre a d y  been  
r e fe r r e d  t o .  Among th e  o r th o g n e is s e s  th e  b a s ic  and u l t r a -  
b a s ic  ro c ks  f i l l  a s im i l a r  r o le ;  among th e  o r ig in a l  p r e -  
m etam orphic ig n e o u s  in t r u s io n s  i t  is  th e y  who c o n s t i tu te  
the r e s is t e r s ,  and a re  m ost r e a d i l y  re c o g n is a b le  as a 
d is t in c t  ty p e .
In  th e  p r e s e n t  a c c o u n t th r e e  b o d ie s  o f  b a s ic  
o rth o g n e is s  a re  d e s c r ib e d  w h ich  compare w ith  those re p o r te d  
from e ls e w h e re  in  M a la w i, b u t  in  a d d it io n  a d e s c r ip t io n  o f  
a body o f  c h a r n o c k i t ic  ro c k  o f  a ty p e  n o t n o te d  o u ts id e  
the P o rt  Jo h n sto n  a re a  ( th e  C h ila n g a  p e r t h o s i t ic  g r a n u l i t e )  
and th o u g h t to  be a le u c o c r a t ic  o r th o g n e is s  is  g iv e n .
b ) T e x t u r a l  fe a tu re s
i )  M ic ro s c o p ic  (m ic ro te x tu re s )
One o f  th e  m ost s t r i k i n g  fe a tu re s  o f  t h in  s e c tio n s  
o f  th e  b a s ic  o r th o g n e is s e s  is  th e  corona s tr u c tu r e s  o f  th e  
fe rro m ag n es ian  m in e r a ls .  H yp ers th en e  is  p a r t l y  rimmed by  
c lin o p y ro x e n e . C lin o p y ro x e n e  is  rimmed b y  h o rn b le n d e , and 
hornb lende is  rim m ed b y  b i o t i t e ,  w h ich  a ls o  rim s  ir o n  o r e .
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Although these sequences are not displayed in all 
occurrences of these minerals, there is some evidence of ' 
them in each section examined, and one rock which shows 
notable development of alkali felspar (2935) shows them 
particularly well. Plagioclase is normally fairly fresh 
and has good lamellar twinning in the more granular 
varieties of rock, but in the more gneissic varieties it 
shows acute strain shadows and clouding and either bending 
or ghosting of the twin lamellae. In one section laths of 
andesine up to 5 mm in length have corroded boundaries 
against a groundmass of quartz and microperthite which are 
partly in micrographie intergrowth. Clouding of minerals 
in rocks located within a mile of the Mangoche massif has 
already been noted in a discussion of the texture of the 
paragneisses (see also Macgregor 1931)? this effect was 
also noted in a rock from Chisheu hill which lies just one 
mile from the contact. In thin section andesine laths are 
silver-grey, the mafic minerals are darkened by a fine 
black dust, while alkali felspars are spotty and grainy.
In the Chilanga perthosite which, as has already 
been stated, is thought to represent a leucocratic ortho­
gneiss, oligoclase and quartz form a groundmass mosaic
265.
which is in some rocks almost equigranular, hut which often 
shows some incipient mortar structure at grain boundaries 
and acute strain shadows. Microperthite, even when 
subordinate in amount to oligoclase, is always the coarsest 
component. Quartz forms lobate and amoeboid patches as 
well as occurring in the groundmass. Hypers thene, which 
occurs in most sections examined, is generally rather pale 
in colour, but not as altered as it is in most of the 
paragneisses. Biotite, in the fev; rocks in which it is 
present, is aparsely clustered round hypersthene. Zircon, 
which is an abundant accessory in some specimens, occurs 
as well-formed prisms with sub-angular terminations.
These rocks are probably nearer to true charnockites, 
both in texture and mineral composition than any others 
seen in the Fort Johnston area.
ii) Observed in field ( m a c r o textures)
The basic ortho gneisses are dark in colour, but 
speckled or lineated with whitish felspars. The smaller 
bodies are foliated parallel to the trend of the surround­
ing paragneisses, and are penetrated 'lit-par-lit' along 
these foliation planes near their margins by leucocratic 
material. Their general appearance is very similar to
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some of the basic igneous rocks described by Daniels,
Skiba and Sutton (1965) from Somalia which were deformed 
in a period of regional metamorphism accompanied by the 
intrusion of granite. The larger masses are more uniform 
and lack foliation except locally or near their margins.
The field appearance of the Chilanga perthosite is 
very characteristic. Weathering produces a uniform 
purplish brown staining which penetrates deeply into the 
rock. This combined with the rather fine-grained granular 
texture gives the rock an appearance rather like brown 
sugar. Fresh specimens, obtainable only by splitting 
blocks a foot or more across, are grey-green in colour.
A faint foliation is discernible in some exposures of this 
rock, but it is not apparent in hand specimens.
c) Structural features
i) Observed in field (macrostructures)
Although no inclusions were seen in the Fort 
Johnston basic orthogneisses, Bloomfield (1965A p.74) 
records xenoliths of paragneiss in two similar rock bodies 
elsewhere in southern Malawi. The Chilanga perthosite 
contains rare small diffuse lumps and streaks of mafic
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material that look like relics of partly assimilated 
inclusions.
The form of two of the three large bodies of ultra- 
basic rock that are inferred to occur in the Fort Johnston 
area are not visible either on the ground or on the air 
photographs because they occur partly in drift-covered 
areas. In the first of these, extensive outcrops of 
foiotite-pyroxenite along the Mtalikacau strecim in the 
Namwera area, and isolated outcrops of biotite rock in flat 
cultivated ground to the south of the stream, indicate a 
widespread occurrence of a suite of rocks very similar to 
those described by Bloomfield (op. cit. p. 16) from Mlindi, 
where ultrabasic rocks form a roughly elliptical plug. In 
the second occurrence, a metasomatised gabbro is at least 
partly enclosed in perthosite at Chisheu hill one mile east 
of Mangoche mountain south of the abandoned estate of 
Fairview, and seems comparable with the Chipilanje-Little 
Michiru complex described by Bloomfield (op. cit. p. 18) 
where an ultrabasic mass lying in the core of a syncline is 
enveloped by perthosite. The third ultrabasic body (the 
Chinolo ring) forms a feature discernible on the air photo­
graphs and so is discussed in the ensuing section.
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The contacts of the Chilanga perthosite were not 
observed on the ground, except on the east side where it 
is bounded by a massive migmatitic syenite, which it is 
assumed to predate. To the south-east its contact is 
faulted.
ii) Observed air/ground (megastructures)
Bloomfield has recently shown that a study of some 
of the ring-complexes which occur in a number of localities 
in southern Malawi (see Definitions - Chapter I) provide 
valuable evidence towards a better understanding of the 
evolution of the Basement rocks. In the Fort Johnston area 
one such ring complex, knovm as the Chinolo ring (Holt 1961, 
p. 29), associated with basic orthogneisses occurs which 
corresponds quite closely to one of the types (the Mlindi 
ring) described by Bloomfield. The Chinolo ring, so 
called because its centre lies one and a half miles south 
of the confluence of the Chinolo and Lutende rivers near 
che root of the main escarpment on the east side of the 
Rirt, consists of a circular depression about three- 
quarters of a mile in diameter underlain by metagabbro and 
surrounded by rather ill-defined rims of quartzofelspathic
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gneiss and biotite-garnet-gneiss. It is clearly 
discernible on the air-photographs only with the aid of a 
stereoscope? the relevant photographs are: R.A.F. Flights
82F/266/1 Nos.5157-9, 82P/266/2 Nos.5062-3, Fairey Air 
Surveys Lake Shore Series Block B Runs 15 Nos.625-6, 16 
Nos.672-4.
Although in the field the Chilanga perthosite is 
not pronouncedly foliated, air photographs show that it 
has traces of lineations oriented both N1#-SSE and NE-SW, 
suggesting that it may have been involved in both deforma­
tions that have been shown to have affected the 
paragneisses.
d) Structural interpretation of observed features
Detailed discussion of the structural relations of 
the orthogneisses is reserved for a later section where an 
explanation will be given of the probable reason for their 
frequent association with later perthitic migmatites and
anatexites.
It may be noted however that both textural and 
structural evidence support the view that both the basic
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rocks here described and the Chilanga perthosite have been 
involved in at least one phase of regional metamorphism, 
and have suffered both deformation and some potash me ta- 
somatism.
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6) Petrology and Petrogenesis of the Orthogneisses
a) Introductory note
The method of treatment to be followed is much the 
same as that adopted for the paragneisses; an abbreviated 
description is given of the main types, followed by a note 
of features of particular significance and a list of 
references. The petrogenetic significance of this infor­
mation is then briefly commented on, but a fuller treatment 
of the subject is reserved until the anatexites and 
migmatites are discussed at the end of Section 8.
b) Descriptive petrography
i) Metagabbro and gabbroic hybrids
Textures hypidiomorphic granular - weakly gneissic.
Grain sizes 0.5 - 5.0 mra.
Mineral assemblagess
Essentially clinopyroxene-hornblende-biotite-
andesine.
Commonly hypersthene, quartz, in hybrids
microperthite.
Accessories iron ore, apatite.
Notess
The clinopyroxene is a green, faintly pleochroic
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variety, probably akin to hedenbergite. In some rocks 
where hornblende is uniformily distributed (e.g. Chinolo 
ring, 3811) it is brownish-green to olive-green. In others 
where it is associated in clumps with biotite (e.g. Namwera 
area, 2720), the two are very similar in colour, i.e. light 
to dark yellow-brown. Hypersthene, when present is usually 
fairly robust and very strongly pleochroic. Plagioclase 
is usually andesine or labradorite. In the hybrid types 
microperthite is usually of the film type, and shows 
undulose extinction. The prominence of corona structures 
between the ferromagnesians of these rocks has already been 
noted.
Also reported to occur in the Basement of Malawi as follows: 
Cholo-Chiromo area (Savage and Alexander 1938 p.6)
Middle Shire area (Morel 1955 p. 241, 1958 p. 42)
Zoniba area (Bloomfield 1965B p.67)
Kirk Range-Lisungwe Valley area (Bloomfield and Garson 
1966 p.84)
Shire Highlands (Evans 1966 p.32)
Ncheu area (Walshaw 1966 - in the press)
also much detail on petrography, petrochemistry and
potrogenesis in 'Infracrustal Ring-Complexes or Southern
Malawi' (Bloomfield 1965A).
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ii) Chilanga perthositic granulite
Textures granulosa - raicroporphyritic.
Grain sizes 0.5 - 3.0 rni'a.
Mineral assemblages:
Essentially clinopyroxene-oligoclase-quartz-
microperthite.
Commonly hypersthene, biotite (minor), hornblende
Rarely garnet
Accessories zircon, iron ore.
Notess
The type area is round Chilanga hill) but very 
similar rocks occur ten miles to the north-east at Chonde 
and Makwerani and are assumed to be equivalent. Clino- 
pyroxene is very pale green, almost colourless, and occurs 
in rather ragged grains. Hypersthene is also generally 
rather pale in colour. Biotite, which is present in a few 
rocks in minor amount only, is brown to reddish-brown. 
Microperthite is of the orthoclase vein and film type with 
very irregular intergrowth patterns. Quartz is somewhat 
irregularly distributed throughout the mass? where it is 
M s t  prominent, as at Chilanga hill itself, the rock 
becomes granitic in composition. The assemblage plagio- 
olase-hypersthene-clinopyroxene-quartz-microperthite 
o.oserved in a number of the rocks sectioned indicates that
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they are of the pyroxene -granu 1 i te sub facies of the 
granulite facies (Turner and Verhoogen 1960 p.555).
Scarcity of biotite, sporadic distribution of hornblende, 
and the general prevalence of granulitic textures indicates 
furthermore that many of these rocks may be true charnoc- 
kites. As already stated, no leucocratic orthogneisses 
have so far been recognised in Malawi? the fact that the 
Chilanga perthositic granulite does not resemble in 
texture or petrography any of the many types of perthitic 
rocks that have been described by other Malawi geologists 
is consistent with the proposal that it is an entirely new 
type.
c) Petrochemical nature and possible petrogenesis
Petrographical studies support the proposal already 
expressed based on structural and textural evidence that 
these rocks are regionally metamorphosed and have suffered 
some potash metasomatism.
The petrography and petrogenesis of the metagabbros 
gabbroic hybrids have been discussed at length by 
Bloomfield (1965A) together with that of the migmatites 
^nd anatexites with which they are often associated, and
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it is convenient to summarise conclusions regarding them 
in the same context in this thesis, i.e. in Section 8.
The probability that the Chilanga perthositic 
granulite may represent a pre-metamorphic leucocratic 
pluton will now be reviewed.
Although of granulite facies, and showing some 
retrograde features typical of the paragneiss series, in 
field appearance it is neither banded nor pronouncedly 
foliated in the manner of the paragneisses. Air photo­
graphs show however that it has traces of lineations 
oriented NïTl'7-SSE and NE-SW suggesting that it has been 
involved in both the early and late deformations which have 
been shown to have affected the paragneisses. All the 
evidence therefore seems to indicate that the Chilanga 
perthosite (and the other rocks of the same type at Chonde 
and Makwerani) were involved in regional metamorphism.
Their lack of banding and of very clear foliation, and 
*-heir generally rather uniform appearance all suggest that 
*-hey may have originated as igneous rocks and are therefore 
orthogneisses. They contain free quartz, not all of which 
i^^ y^ have been introduced, so if in fact they are ortho­
gneisses they probably have a fairly acid igneous parentage.
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The occurrence of an arc of much coarser-grained and less 
uniform perthosite forming the resistant mass of the 
Ndengu hills on the north-eastern flank of the Chilanga 
perthosite body invites comparison with some of the 
anatectic perthosites to be described in the next section 
which are developed at the periphery of some of the basic 
orthogneisses.
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1) Fabric and Structure of the Perthitic Migmatites 
and Anatexites.
a) Introductory note
Basement rocks may lack banding for one of two main 
reasons? either, like the orthogneisses, they may be 
derived from rocks that were initially neither banded nor 
layered, or they may represent types in which any original 
banding that might have been present has been partly or 
completely obliterated.
In the Basement of Malawi rocks of the latter group 
represent the more extreme products of metamorphic and 
me ta soma tic change of a type which has already been shown 
to be widespread throughout the series. In these either 
sorae megascopically visible evidence of their megascopically 
mobile and less mobile parts may persist (migmatites - 
Sorensen 1961 p.62) or they may be comparatively uniform 
a result of melting (anatexites - Sorensen op. cit.
P.59).
The migmatites and anatexites now to be considered 
thus not only lack distinct banding and layering, but have 
also gone far along paths of metamorphic convergence to
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becoming uniform rocks of syenitj.cto granitic aspect in 
which perthite is the dominant mineral.
It is relevant to note at this stage that until 
recently the syenites, quartz-syenites and granites of 
Malawi were divided into an older (Basement Complex) 
predominantly potassic group, and a later (Chilwa Alkaline 
Province - 138 m.y.) predominantly sodic group. The prob­
lem is now somewhat complicated by the fact that recent 
radiometric age determinations (Snelling 1963) have shown 
that major igneous episodes involving the intrusion of 
granites occurred in southern Malawi in the Lower Silurian 
(450 m.y. ) and again in the Lower Permian (255 m.y.). 
Although from the limited data available plutonic rocks of 
sll these ages appear to carry over 65 per cent of SiO^ 
(and are true granites) and appear to be high-level 
magmatic types, because they are predominantly potassic, 
they have raised a doubt as to the classification of some 
of the more acid and massive types which have hitherto 
been regarded as belonging to the Basement group.
In the Fort Johnston area microcline-granites occur 
which are of a distinct type and are now regarded as 
probably being of Palaeozoic age? they will therefore be
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described in Chapter III. all other potassic syenites 
and quartz-syenites are still regarded as being members
of the Basement group, and are described in the paragraphs 
that follow. This classification must be regarded as 
tentative however, since little information is as yet 
available about the petrography and range of variation of 
the known Palaeozoic types on which a fiiomer correlation 
could be based.
The method of treatment is similar to that adopted 
for the paragneisses, but it is followed in a rather 
abbreviated form as the rocks are less variable, and 
similar types have already been dealt with from another 
part of Malawi by Bloomfield (1965Ji), many of whose con­
clusions apply also to the Fort Johnston area, a summary 
of which is therefore included.
b) Textural features
i) Microscopic (microtextures)
A prominent feature of the migmatites and 
anatexites is the prominence and variety’of types of 
intergrowths of felspar seen in them. Clearly they 
crystallised under conditions of great mobility of alkali
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ions „
Textures are commonly granulitic to gneissic and 
frequently porphyroblastic, if only on the microscopic 
scale. Most of the types show disequilibrium textures, 
and many of those that make up the smaller bodies are 
markedly inhomogeneous,
As a preliminary to a discussion of the general 
texture of these rocks it is useful to consider briefly 
the morphology of each of the principal minerals of which 
they are composed. Descriptions are based on a comparative 
study of 103 thin sections.
Quartz occurs in 59 per cent of the rocks of this group, 
in which it therefore appears to be rather less widely 
distributed than in the paragneisses, in 84 per cent of 
which it occurs. In many rocks it is seen as small crystals 
scattered at random throughout the groundi'aass. Often it 
forms myrmekitic in ter growths with felspars, or symplectites 
with biotite or hornblende. VThere it is prominent it is 
oJ.so usually scattered and generally sub-lobate rather 
than strikingly lobate or amoeboid as in the paragneisses. 
Also in contrast to the quartz of the paragneisses, it is 
•frequently unstrained.
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Plagioclase of the orthogneisses, migmatites and anatexites 
is remarkably similar both in its relative abundance and 
mode of occurrence to that of the paragneisses. It occurs 
in 80 per cent of the rocks sectioned (paragneisses 79 per 
cent) in which it most commonly forms part of an inter­
stitial fine-grained intergranular mosaic, subordinate in 
amount to other felspars. As in the paragneiss it^often 
only faintly twinned, sometimes only marginally. Generally 
it is clear, rather than cloudy as in the paragneisses, 
Myrmekite is a common associate in sections where the 
plagioclase can be seen to have been replaced by alkali 
felspar,
Orthoclase, Potash-felspar without perthitic in ter growths 
or cross-hatch twinning is conspicuously absent from the 
orthogneisses, migmatites and anatexites, although it was 
seen in 44 per cent of the paragneisses sectioned.
Microperthite occurs in all the migmatites and syenitic 
rocks of the Basement group. In these it is not only the 
most widely occurring, but also the most abundant mineral? 
in many of the perthositic syenites it makes up over 90 
per cent of the rock. It normally forms part of the fine- 
9rained groundmass mosaic which is an essential feature of
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most of these rocks, and in the coarser-grained or more 
porphyritic varieties it occurs in addition as large 
crystals of up to 50 mm across. These large crystals are 
usually subhedral to tabular, but with crenulate margins.
The microperthite is almost always of the orthoclase type, 
and the larger crystals show a bewildering variety of com­
binations and gradations of string, film vein and patch 
types of intergrowth, while the smaller crystals may show 
any one of these. Cryptoperthite is the main type in some 
rockso Cauliflower textures in mesoperthites (Michot 1951), 
already described as a feature of many paragneisses, and 
probably indicative of a replacement origin, are a common 
feature of many migmatites and perthosites, in which 
replacement textures displayed by alkali felspars are 
generally even more striking than in the paragneisses.
In some cases the large microperthites appear to have grown 
hy 'in situ' replacement of pre-existing felspars, relics 
of which they enclose, in other cases they appear to have 
pushed aside pre-existing minerals during growth- Always 
t^ he largest felspars seem to have crystallised last. A 
curious feature of some of the microperthites of the 
Mangoche perthositic syenites is that they contain a
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rectangular framework of minute needles of a red-brown 
mineral resembling rutile,
Microcline showing cross-hatch twinning is in evidence in 
only the most igneous looking rocks of the Basement group, 
i.e. the anatectic perthosites of Mangoche mountain. Here 
one half of the rocks sectioned from the central massif, 
and one third from the outer arc carry microcline. In most 
of these microcline is subordinate to orthoclase- 
microperthite and occurs in ragged irregular patches in 
the groundmass, or sometimes actually enclosed within 
microperthite. In the few rocks in which it occurs in 
rather larger plates it commonly encloses patches of 
oligoclase, and has the appearance of microcline- 
microperthite.
Hypersthene typically occurs in rather weakly pleochroic 
wisps and shreds in the rocks of this group, in which it is 
considerably less abundant than in the paragneisses. An 
interesting feature is its apparently antipathetic relation­
ship with microcline? in none of the sections examined 
V7ere the two seen to occur together, even as relics. In 
the most igneous rocks of the group in which microcline 
is commonest (the Mangoche anatectic syenites) hypersthene
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was seen only as scarcely recognisable relics, whereas in 
types in which hypers thene is commonest, microcline was not 
seen at all.
Clinopyroxene. The occurrence and distribution of clino- 
pyroxene is rather confusing. It is more widespread in the 
migmatites and anatexites than in the paragneisses (55 per 
cent of the sections examined, as against 36 per cent for 
the paragneisses), yet despite this widespread distribution 
it is present mainly as corroded and clouded relics, often 
either with fringes of hornblende or completely enclosed 
within it. Unlike hypers thene it does not however appear 
to bear an antipathetic relationship to microcline and 
appears in 30 of the 50 sections of anatectic syenites from 
the Mangoche massif, many of which carry microcline also.
In a few of the Mangoche rocks clinopyroxene occurs as the 
principal ferromagnesian in robust crystals without signs 
of alteration. Like that of the paragneisses it is always 
a pale-green variety of diopsidic augite.
Hornblende. Next to biotite hornblende is the commonest 
rerromagnesian mineral of this group, and occurs in 60 per 
cent of the rocks sectioned. It appears to have formed 
i^te in the crystallisation sequence, and commonly occurs
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in rather large poikiloblastic crystals enclosing globules 
of quartz, felspar, clinopyroxene, apatite or ores. t'There 
less abundant it is normally seen bordering pyroxene. In 
some rocks it forms syrriplectic in ter growths with quartz.
It is usually strongly pleochroic, from yellow-green to 
dark olive-green. The brown hornblende which is a feature 
of many paragneisses was not seen in these rocks,
Biotite is about as common in the rocks of this group
(77 per cent of sections) as it is in the paragneisses
(75 per cent). It generally occurs in association with
other dark minerals, either fringing them or in a few cases
enclosing them. In some very coarse-grained perthosites
it occurs crowded together in disordered clumps with other
mafic minerals, iron ore and zircon, possibly having been
shouldered aside during the growth of late microperthite
which occurs in large plates in these sections (e.g. 3863,
2954). Terminations of biotite laths are often intergrown
with guartz in a fine-grained symplectite. Pleochroism
of biotite is from pale yellow-brown to dark chocolate-
brown, some is slightly reddish-brown, but the mahogany-
nrown tints that characterise charnockitic rocks were not
seen. Pleochroic haloes are prominent in the biotite of 
some of the Mangoche rocks.
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Accessories. By far the most abundant and widespread 
accessories in these rocks are zircon and magnetite, which 
often occur in association, the magnetite wholly or partly 
enclosing the zircon. Apatite is also a common accessory, 
and rutile and sphene occur locally.
Zircon is generally subrounded to subangular. The 
cloudiness due to reflections on internal fractures noted 
as a common feature of the zircon of the paragneisses is 
even more prominent in that of the migimatites and 
perthosites. In addition some zircon prisms show a series 
of closely spaced cross fractures, and even detatched 
angular fragments enclosed in adjacent minerals. Such 
effects may in some cases result from disruption during 
preparation of the section, but this does not always appear 
to be so (e.g. 3886).
Magnetite is often idiomorphic, sometimes partly 
lobate. In the streams draining areas of migmatites and 
perthosites it is the predominant heavy detrital mineral.
Considering overall textures, the predominant and 
universal feature of all these rocks is the complexity and 
variety of in ter growths of felspar that they display.
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Walshaw (1966 - in the press) has recently described six 
different kinds of felspar intergrowth from a single thin 
section (loc. cit. Plate IV) of an anatectic granite from 
the Chiripa plateau adjacent to the Fort Johnston area.
Bloomfield (1965A p.74) has recently discussed in 
some detail the pétrographie evidence for the origin of 
the orthogneisses, metasomites and anatexites which occur 
in association with the infracrustal ring complexes that 
are a prominent feature of the Basement of Malawi. His 
observations and conclusions apply equally well to the 
Port Johnston rocks, even though the latter do not^ with 
one exception, occur in association with ring structures. 
Bloomfield's observations will now be summarised therefore, 
the difference in association will be discussed in a later 
sections ~
Felspar textures. In pyroxene-biotite-perthosites the 
alkali felspar is patch microperthite, antiperthite or 
raesoperthite. Under very high magnification some of the 
inesoperthites appear to consist of sodic plagioclase 
partly replaced by potash-felspar. A growth by volume-by- 
volume replacement and by expansion is indicated. Fine
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grained granular mosaics of potash-felspar, sodic plagio­
clase and strained quartz surrounding perthite porphyro- 
blasts indicate slight cataclasis. In hornblende- 
perthosites replacement of sodic plagioclase by microper- 
thosite produces typical corrosion structures. In 
pertlfsite-qneisses the felspars are again principally patch 
microperthite, antiperthitic oligoclase and raesoperthite 
which have corroded and replaced pieceraeal crystals of 
oligoclase in several specimens? there are also larger 
cryptoperthite crystals containing oriented blebs of sodic 
plagioclase, all features suggestive of a replacement 
origin. Myrmekite is also common. In cfuartz-syenites 
small oriented angular inclusions and larger discrete 
cores of plagioclase in microperthite, corrosion structures 
and myrmekitisation of rounded plagioclase inclusions in 
microperthite all indicate replacement of sodic plagioclase 
by potash-felspar.
%her minerals. The pyroxene-biotite-perthosites contain 
the same mafic minerals in the same relative proportions as 
oarlier rocks (pyroxenites) with which they are in contact.
hornblende—perthosites which are more even-grained and 
textures are more indicative of crystallisation from a
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melt, hornblende has evidently largely replaced pyroxene.
In perthosite-gneisses both apatite and zircon occur in 
two generations, and overgrowths of rutile in one specimen 
indicate two periods of crystallisation. In guartz- 
syenites mafic minerals are the same as those in the 
surrounding charnockitic gneisses, though the proportions 
are different because of a growth of biotite and hornblende 
(Bloomfield 1965A pp.76-8).
ii) Observed in field (macrotextures)
Felspathisation, migraatisation and mobilisation on 
the macroscopic scale of individual horizons of the 
paragneiss series in which the more leucocratic bands of 
the gneisses suffer inflation by the deposition in them of 
the incoming felspathic material causing the formation of 
pegraatitic lenses and distortion of the oroginal banding, 
leading eventually to destruction of this banding and the 
formation of a uniform rock has already been described in 
this thesis (also Holt 1961 p.31).
More recently Garson has distinguished four stages 
porthositisation in gneisses to the south-west of the 
Fort Johnston area (Bloomfield and Garson 1966 p.129).
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In the first stage small lenses and augen of potash-felspar 
are developed along foliation planes in the paragneisses.
In the second the porphyrofolasts become larger and less 
elongate, and in the third they grow across the foliation 
planes in the gneisses. In the final stage the porphyro- 
blasts become crowded together in bands to the almost total 
exclusion of other felsic minerals so that the mafic 
minerals become concentrated in narrow laminae and lenti­
cular clots between these bands, and the rocks become in 
effect perthosite gneisses.
c) Structural features 
i) Observed in field (macrostructures)
The felspathisation of individual bands within the 
paragneiss series observed on the scale of single exposures 
extends to whole horizons of the Basement, and so becomes 
even more striking when the structure and succession of 
these rocks is viewed as a whole.
The most prominent of these felspathised horizons 
is that which forms the Matemangv/e range of hills running 
i^orth-eastwards from a point just over two miles east of
Figure 36.
THE MATEMANGWE LEUCOPERTHOSITE
LAKE
L s i/c o p c rth o s /
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the south-east corner of the Lake. Swinging eastwards 
from the north-east end of the Matemengwe the same horizon 
continues with small displacements forming the Ngombe 
hills, then the separate hills of Namapwisa, Manjecela, 
Mikongo and Hindi, each of which projects from the drift 
of the Namwera plain. The latter has a right angled bend 
in it at its southern end, so that where the felspathic 
rock disappears beneath the drift it runs almost N-S.
The horizon may thus be traced for some 16 miles along the 
sinuous curve of its strike. Gome hill, due east of the 
Lake shore mission station of Malindi, probably marks the 
westernmost extension where it is cut by the main Rift 
fault.
The Matemangwe rock is so even-grained and 
leucocratic at its centre that no foliation and only a 
faint lineation are discernible. At its margins however 
it is clearly migmatitic and in part foliated. Its most 
striking feature is its pseudo-bedded appearance which 
results from an intersection of prominent bedding joints 
and a-c joints. The Ngombe hills rock maintains a 
deceptively stratified appearance 'en masse', but its 
partly intrusive character is indicated by the presence
Figure 37.
%
L
1 mile approx
J
Matemar-gwe leucocratic perthosite. H indi hill 
Photo scale Is 30,000 approx. Part of Nyasa Lake 
Shore Series Block B, Run 9, Nos.349, 350.
292.
of small rafts and wedges of mafic material with truncated 
ends immersed in the leucocratic rock. At Namapwisa,
. I
Manjecela and Mikongo the rock is more massive; and at 
Hindi it has the appearance of a fine-grained rather 
leucocratic syenite with occasional parallel-oriented 
slabby inclusions of biotrite-gneiss.
Another migm a tised felspathic horizon, rather 
more irregular in form but generally conforming to the 
strike direction of the gneisses, is marked by the 
Namalowe, Daoda, Numbiro, Nehinga chain of hills ten miles 
to the north of the H i n d i  group. No such well-defined 
felspathised horizons were mapped west of the Lake, though 
some thick successions of weil-foliated and banded 
psammitic gneisses are prominent there*
The Mangoche massif in the south-east of the area 
consists of a medium-grained unfoliated perthosite of a 
remarkably uniform appearance in which no inclusions were 
seen, and which appears to be cut only by a few fine­
grained leucocratic dykes with rather indistinct margins.
^ notable feature of the massif is however an abundance of 
spherical cavities of up to four feet across at certain 
localities in the highest parts of the outer rim of the
Figure 38
f'.
. ^
Spherical cavity in Mangoche syenite. 
Central massif, south-west of main peak.
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raass (Pig. 38) . On the west side of the massif a vast 
boulder pitted with these and aptly known as Skull rock, 
has given its name to the tobacco estate (now derelict) 
which lies in the plain below.
In addition to the Namalowe-Nehinga chain of hills 
already mentioned other large masses of syenite that appear 
to be largely migmatitic form major features of the land­
scape. On the east side of the Lake these make up 
Nambawala, Ngwezi, Njela and Chinyamota rising from the 
plateau flanking the Rift and Sungusya and Ntekani within 
the Rift. To the south-east in the Namwera area Chasuku,
Mama tu lu, Chirunda, Mpela-Makuta and Chanika are all hills 
that are composed mainly of migmatitic syenite, though some 
are partly granitic. West of the Lake, in the extreme 
north-west of the area north of! the Nankundu stream Namatulu, 
Mwanzanza, Ulande and Nlcekwere are also migi'aatitic, partly 
granitic, partly syenitic. In the field these rocks are 
distinguished by their inhomogeneity. Locally they are 
strongly foliated? some have relict banding while in others 
streaks, wisps and schlieren of mafic material are 
i^idicative of their migraatitic nature.
Many of these are surrounded by drift so that it is
Figure 39
m
Hsondole mountain (6834 ft) looking north-east 
from Ndela peak»
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not always possible to see their structural relations with 
the surrounding gneisses. Some appear to occupy the cores 
of major or minor folds (e.g. Chinyamota) while others, 
like the Namalowe-Nchinga rocks, appear to represent 
partly mobilised layers within the paragneiss series.
ii) Observed air/ground (megastructures)
As will be evident from the above descriptions 
migmatites and anatectic perthosites are not restricted 
to particular horizons of the Basement, but also occur as 
larger masses, some of batholithic dimensions. A striking 
feature of the Fort Johnston area is that all these larger 
perthosite masses of Basement age (as well as some of 
post-Basement age) occupy the hinge zones of major anti- 
^rms or synforms, or the central areas of structural domes 
oy basins. If the association was only, or even mainly, 
'W'lth anti forms and domes the connection would not be very 
remarkable, or its cause a matter for much speculation. 
However this is not so, the largest Basement perthosites 
Hre in fact associated with synforms and structural basins. 
This appears to be a cormaon feature not only of the Fort 
Johnston area, but of the whole of southern Malawi.
Figure 40,
Mangoche mountain outer arc
Nambalika peak (3563 ft) from central massif,
Nambande peak (4592 ft) from northern slope 
of main peak
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A spectacular example is provided by the large mass of the 
Pirilongwe granite lying only six miles beyond the south­
west corner of the Fort Johnston area of which Walshaw (1966) 
has observed that it appears to have been produced by local 
anatexis in the core of a syncline. Three of the four ring 
complexes of southern Malawi recently described by 
Bloomfield (1965A) with which large bodies of perthosite 
are associated occur within north-south trending synforms.
In the Fort Johnston area examples of perthosites 
in the cores of folds are provided by those of Chinyamota 
hill, Njela and Nsondole (Holt 1961 p. 32) as well as those 
already described in the section of this thesis dealing 
with the structure of the paragneisses.
In the discussion of structure it was noted that 
the Mangoche syenite has apparently engulfed the whole of 
the central part of a structural basin (the Mango che basin). 
This syenite forms an elliptical mass some eleven miles in 
length along its major (N-3) axis, and seven miles in 
width. Its geometrical centre is an unnamed peak 4,057 
feet in height. The highest point. Mangoche peak, lies 
to the south-west of this and is 5,715 feet in height.
Figure 41
m
Mangoche main peak (5715 ft) from Fort Mangoche
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Physiographically the mountain consists of a central 
mass rimmed by a discontinuous outer rampart. On the west 
and north this rampart rises from the central mass, but on 
the east side it is separated from it by the drift filled 
valley of the Nasa to stream. The syenites of the outer 
rampart do not appear to differ significantly from those 
of the central massif (see also the pétrographie descrip­
tions below) , all show similar tone, texture and joint 
patterns on the air photographs.
In the north-east of the area the Nsondole pertho­
site forms an eminence 5,894 feet in height. It is on its 
south side rimmed by a broad arc of perthositic migmatite 
rather similar to that of the Hindi hills and also 
possibly representing a felspathised horizon in the 
Basement gneisses, but with a rather shallower dip. In 
plan view (Fig. 24) the outcrop of the arc of the migmatised 
horizon with its tapering extremities has the appearance of 
a giant saddle reef. Saddle reefs are however normally 
antiformal, the Nsondole structure is synformal.
à.) Structural interpretation of observed features
As has been indicated the unbanded Basement rocks
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fall into two main groups, the orthogneisses, the most 
clearly recognisable of which are basic or ultrabasic, and 
the migmatites and anatexites, which are generally potassic 
and rich in perthite. As has also already been indicated 
Bloomfield (op. cit.) has recently shown that both these 
types of rock are associated together in a nuifber of ring 
complexes (see Definitions - Chapter I), in which a study 
of their mutual relationships leads to a better under­
standing of the petrogenesis of both. It is appropriate 
therefore to summarise Bloomfield’s main observations and 
conclusions before proceeding to a discussion of these 
rocks as they occur in the Fort Johnston area.
Four ring complexes occurring within 50 miles of 
each other and some 70 miles south of the Fort Johnston 
area are examined. Three have basic or ultrabasic rocks 
exposed at or near their centres, in a fourth these are 
inferred to occur at depth. In the three in which these 
are seen they are locally in contact with perthosites, 
with the formation of syenogabbroic hybrids. In one com­
plex (lllindi) the perthosite is in addition seen to cut 
the ultrabasic rock in many places. In another
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(Chipilanje - Little Michiru) the perthosites contain 
xenocrysts and schlieren of the more basic rocks. In all 
cases evidence shows that the perthosites were later.
The basic and ultrabasic masses of two of the complexes 
contain angular xenoliths of paragneiss and are therefore 
considered to post-date the 'main' period of regional 
metamorphism. They are in part foliated however, and the 
foliation is either parallel to the regional strike, or near 
the contacts arcuate and concentric with the ring formation. 
In the hybrid rocks it is parallel to the regional strike. 
Strained and bent plagioclase crystals in these rocks, 
marginal granulation of pyroxenes, bent and twisted 
biotite flakes, together with the field evidence, are 
interpreted as indicating that the ultrabasic bodies are 
synkinematic intrusions, broadly synchronous with the 
formation of the surrounding paragneisses (Bloomfield loc. 
cit. p.74).
The perthosites locally show foliation and con­
cordant inclusions which parallel the regional strike, 
though in some igneous flow structures and contacts occur 
which are discordant with the adjacent gneisses. Elsewhere 
contacts are gradational and marked either by increase in
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microperthite porphyroblasts or by zones of lit-par-lit 
injection. Bloomfield's account of the micro textures of 
these perthosites has already been suraiTiarised in the con­
text of the account given of those of the Fort Johnston 
perthosites, with which they are seen to be closely 
comparable. This textural evidence together with the field 
evidence has led Bloomfield to the conclusion that the 
perthosites developed from the ultrabasic bodies and from 
the paragneisses by growth of alkali felspar. It is 
suggested that although the time interval between the 
formation of these rocks is not known the ultrabasics and 
the perthosites were mobilised after the period of regional 
metamorphism responsible for the formation of the local 
paragneisses« (Bloomfield op. cit. p.73).
It is further noted that these infracrustal ring 
complexes usually occur in synclines into which the basic 
and ultrabasic bodies were intruded as synkinematic pipe­
like intrusions. These pipes subsequently underwent 
horizontal compression during which period tectogenetic 
alkaline material perraeated the basic and ultrabasic rocks 
to form the marginal syenogabbro and perthosites which j
became sufficiently hot and fluid to rise up round the
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basic masses. These regenerative movements caused cone 
sheet fractures in the roof zones so that in the final 
stages (seen only in the ring complexes exposed at the 
highest structural level) anatectic perthosites were 
intruded as cone sheets round the central mass (Bloomfield 
op, cit. pp. 95-8).
Having described the main textural and structural 
features of the orthogneisses and the migmatitic rocks as 
seen in the Fort Johnston area, and referred to important 
recent conclusions as to their mutual relationship and 
petrogenesis as demonstrated from elsewhere in southern 
Malawi, it is now appropriate to consider an interpretation 
of each group separately in relation to their occurrence 
in the Fort Johnston area and also to what has already 
been written in this thesis concerning the structure and 
metamorphic history of the paragneisses,
Orthocrneisses
The Chinolo ring structure was not mapped in detail, 
but available evidence is sufficient to show that although 
smaller it has many points in common with the Mlindi ring 
structure described by Bloomfield (loc. cit. p.16).
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Migmatites and anatexites.
In 1950 the first systematic pétrographie studies 
of rocks of an area of Malawi Basement were carried out 
as part of a mapping programme round the twin towns of 
Blantyre/Limbe. The area includes a number of quite large 
bodies of what had always previously been referred to as 
syenite, and important results of the v;ork concerning these 
syenites was recognition of the fact that the main 
constituent of them is microperthite, and that their 
contacts are gradational and usually represented by zones 
of migmatites in which the surrounding metamorphic rocks 
grade into lineated syenites as a result of increase in 
microperthite and a streaking out of their mafie con­
stituents. It was concluded that potash metasomatism had 
played a considerable part in the formation of these 
syenites (Ashley, Holt and Morel 1951, p. 3).
In 1952, as a result of mapping in the Cholo/ 
Chilrwawa area the writer suggested (Holt 1953 p. 12) that 
potash metasomatism of the Basement is not confined to the 
migmatite zones round perthosite bodies, but is a 
widespread feature of amphibolite facies gneisses, and the 
view first expressed in the joint paper on the Blantyre/
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Limbe area, that the perthosites are at least partly of 
metasomatic origin was subsequently confirmed in the Fort 
Johnston area where it was noted (Holt 1961 p. 31) that 
bodies of perthositic migiaatite and perthosite occur in 
association v;ith amphibolite facies gneisses from which 
they appear to be developed largely by increase in 
perthite and partial mobilisation.
As a result of mapping to the west of the Blantyre/ 
Limbe area Morel (1958 p. 51) suggested that the large 
perthosite bodies there are wholly of metasomatic origin, 
but in a rather remarkable change of view (1960 p.114,
1961 p.235) he has since proposed that these rocks are of 
magma tic origin, and result from differentiation of 
basaltic or andesitic magma. In support of this view it 
is suggested that the paragneisses of the Basement represent 
a pre“metamorphic series of basaltic or andesitic volcanics 
and sediments such as greyv/ackes.
Bloomfield's recent study, which is the most 
detailed and exhaustive so far carried out on these rocks, 
bas however con firmed the earlier view that they are 
unlikely to be magma tic and are probably developed by the 
permeation of the paragneisses and orthogneisses by
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alkaline material (Bloomfield op. cit. p.90). Because he 
regards the paragneisses as being derived from sediments 
akin to greywackes, and therefore inherently high in 
alkalis, Bloomfield considers however that the alkaline 
material responsible for the generation of the perthosites 
could have been derived from the gneisses themselves under 
conditions of regional metamorphism without invoking an 
external migma source.
It has however been suggested as one of the main 
conclusions of this thesis regarding the paragneisses that 
they represent a normal series of sedimentary rocks in 
which politic and semi-pelitic types predominate, and which 
have become enriched in total alkalis, probably in at least 
two stages. In the absence of evidence to the contrary it 
seems logical to link the later of these episodes of alkali 
metasomatism with the generation of the perthosites.
This view of the Basement rocks is thus very 
different from Morel's? as far as the perthosites are con­
cerned however it differs from Bloomfield's only in that 
the existence of external rather than internal migma 
sources are implied.
The fact that the Basement syenites (i.e. perthosites)
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and their granitic variants are not only partly anatectic 
and partly intrusive, but also apparently syntectonic was 
noted by Dixey (1932) in the first detailed account to be 
published of the geology of Malawi in which the relation­
ship of these and the 'sediments' (i.e. the Basement 
paragneisses) are described in the following terms :-
‘The earliest intrusions were accompanied by powerful 
stresses that caused intense folding and contortion in the 
sediments? for these are intricately veined and often 
impregnated by the molten rock, which has itself clearly 
been involved in the same movements that affected the 
sedimentso This interaction between the sediments and the 
intrusives has led to the formation of composite gneisses. 
The later syenitic intrusions were injected under less 
disturbed conditions' (Dixey op. cit. p.13).
In the Fort Johnston area it has been noted (Holt 
1961 p.32) that although the perthosites in the cores of 
folds were probably developed by a process of synkinematic 
metasomatism some show partly intrusive relationships and 
therefore may have been in part post (or lata) tectonic.
Nyogi (1966) has recently described very similar 
structural relationships between conformable alkaline 
plutons and the Precambrian Aravalli gneisses of India. 
These plutons are interpreted as resulting from alkali
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metasomatism of the gneisses, which was sTOtectonic to 
start with, but outlasted tectonism in its later stages.
Bloomfield (op. cit. p. 92) has suggested that the 
presence of xenoliths of paragneiss in both the ultrabasic 
rocks and the mobilised syenites indicates that the infra­
crustal rocks were at least partly mobile after the climax 
of metamorphism. He notes however that both have been 
affected by strong compressive forces and so are broadly 
late-synkinematic in age.
The writer is in agreement with this view as far as 
the syenites (i.e. the migmatites and anatexites) are 
concerned. The view that the emplacement of the ultrabasic 
rocks was associated with these late synkinematic events, 
a view which seems to be based largely on the fact that 
they contain inclusions of paragneiss, seems less well 
demonstrated however. If the view that two entirely 
separate metamorphic episodes have affected the Basement 
rocks is accepted, the possibility that the ultrabasic 
rocks could have been emplaced prior to the second meta- 
morphisia must be considered, as in such circumstances they 
could well carry inclusions of gneiss formed in the first 
metamorphism. It is even conceivable that inclusions of
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unmetaraorphosed sediments in an ultrabasic mass, if the 
whole were subjected to very dry high-grade metamorphism, 
could be converted to gneiss in situ without mobilisation 
or appreciable blurring of contacts, though this seems a 
little unlikely perhaps. As Read (1954) has pointed out 
in a discussion of the relation of igneous activity, 
tectonics and metamorphism, rocks of the volcanic associa­
tion are not generally associated directly with orogeny. 
They are predominantly basic and either pre-orogenic and 
geos^/nclinal or post-orogenic and tensional.
In the Fort Johnston area the perthosites can be 
seen to be of two main types, those which follow specific 
horizons in the Basement, and those which occupy the cores 
of folds. A third type which Bloomfield (op. cit.) has 
shown to be associated with ring complexes is developed 
in one locality only, and on a limited scale. All provide 
examples of the maximum potency and activity of meta­
somatism along privileged paths (Read 1957 p.239). In 
cores of folds and ring complexes the control is struc­
tural, while in the case of the perthitic horizons it 
appears to be mainly textural or compositional.
Perthite rich rocks forming si11-like layers in
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the Basement have been reported from a number of localities 
in Malawi. In the Magomero area south of Zomba Evans 
(1961 p. 17) noted conformable bands of what he described 
as augen-perthite-gneiss. In the Ncheu area Morel (1963 
p.83) observed gradational boundaries’ in similar rocks 
which he described as perthosite-gneiss. Bloomfield 
(1965A) describes an association of an arc of perthosite 
gneiss, which he apparently regards as anatectic, with a 
ring structure (op. cit. Pig. 10) . He notes however (op. 
cit. p.41) that transitional types between these and 
perthite-augen gneisses, which may be regarded as true 
migraatites, occur.
The Gome-Ma temangwe-Hindi perthosite is at least 
partly intrusive (Holt 1961 p.32) although it has a bedded 
appearance. In thin section it is seen to be granulitic, 
and has evidently suffered from some post-crystalline 
deformation. Its structure (Fig.36) and the distorted 
appearance of the H i n d i  hill intrusion (Fig.37) suggest 
that it is pre-tectonic.
Very similar perthite-augen-gneisses from the Zomba 
area have been described by Bloomfield (1965B p.66) as 
resulting from potash metasomatism, along a permeable
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horizon in the core of a narrow fold. Miether the Gome- 
Hindi perthosite has been formed in this way, or is more 
akin to the anatectic perthosite gneisses associated with 
ring structures, is difficult to decide. If it has been 
formed by metasomatic replacement of part of a bedded 
sequence the nature of the replacement must have been very 
selective to produce such a well-defined horizon. Coarse 
bands of arkosic composition would be the most likely 
sedimentary formation to exercise such a control (Jamotte 
1940 p. 1) . Alternatively the replacement could have taken 
place along a line of dislocation which was subsequently 
folded. Eighty miles to the south of the Fort Johnston 
area the southernmost extremity of the Shire Highlands 
fault has been shown by Evans (1965 p. 40) to have been the 
locus of selective potash metasomatism. The position of 
the Gome-Ilindi perthosite running obliquely back from the 
main boundary fault of the present-day Rift suggests the 
possible occurrence of a more ancient fracture running 
sub-parallel to the more recent ones.
The location of perthosites in fold cores as a 
common feature of the Fort Johnston area, and of other 
parts of southern Malawi has already been described.
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The possible significance of this will now be referred to.
Southern Malawi forms a classic example of a region 
in which the deeply eroded foundations of a mobile belt 
can be studied by direct observation (Read 1957 p.376). 
Reactivation of these Basement gneisses in a second period 
of deformation and metasomatism has been postulated as one 
of the main topics of this thesis.
As Read has pointed out (op. cit. p. 385) in such a 
reactivated Basement, which becomes capable of movement, 
doming uprise and true intrusion are all consequences of 
granitisation contemporaneous with orogeny. This conclusion 
is independent of the mechanism of the granitisation and of 
the sources of the granitising fluids. It holds whether 
the process is one of differential anatexis of basement 
constituents or of the introduction of emanations, ichors 
or anything else from deeper down or from either a magma tic 
or non-magmatic source. In any process the basement 
becomes permeated, lubricated and mobile; it may leave 
its roots and become intrusive.
The description aptly fits what is displayed in 
the Malawi Basement, with the distinction that the equiva­
lent of Read's granitisation, being somewhat deficient in
silica and lime and relatively high in alkalis, is manifest 
as syenitisation.
In such an environment it is not difficult to 
envisage how loci of maximum flexure such as occur at the 
apices of folds become preferentially disrupted and 
mobilised, or in particular how downbuckles (i.e. synforms, 
basins) into the more fluid parts of the infrastructure, 
no matter on what scale they occur, tend to become the foci 
of magraatic activity.
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TABLE VIII
The migmatites and anatexites of the Fort Johnston area.
Migmatites Anatexites
Sill-like bodies of 
leucoperthosite Namalowe 
type
Matemangwe type
Medium 
to large 
pluconic 
bodies
In fold 
cores
Nsondole type
Peripheral to 
orthogneisses
Hdengu type
Plutons of
Batholithic
dimensions
Mangoche 
syenite
^12,
8) Petrology and Petrogenesis of the Perthitic
Migraatites and Anatexites.
a) Introductory note
Five main groups of rocks of this type are 
distinguishable in the Fort Johnston area of v/hich one is 
a migmatite, three are mainly anatectic and one has 
characters of both types. Distinctions between the groups 
are mainly petrograpliical, but each is also associated with 
one of the three main types of structure which have been 
shown to control the emplacement of these rocks. The main 
features of this five-fold division are set out in Table 
VIII.
The pétrographie accounts that follow are set out in 
much the same way as that adopted for the Basement rocks 
previously described except that a statement of the 
characteristic structural association is included for each 
group, which has also been given the name of one of the 
localities in which it is most typically developed.
The possible petrogenesis of these rocks has already 
been inferred from structural evidence, and to conclude 
this section this will be discussed further in the light 
the petrographical evidence.
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b) Descriptive petrography
i) Namalowe migmatitle perthosite.
Textures gneissic. In thin section granoblastic - 
porphyroblastic.
Grain sizes 1^0 - 7.0 mm.
Mineral assemblages:
Essentially biotite-quartz-microperthite.
Commonly oligoclase, hornblende, clinopyroxene.
Rarely hypersthene
Accessories iron ore, zircon, apatite.
Notes:
This groups consists of rocks transitional to tne 
biotite-migmatites already described under the heading o j . 
paragneisses, which result from the partial mobilisation 
of biotite-gneisses. The distinction is based, rather 
arbitrarily, on the fact that the types now described form 
sufficiently large and massive bodies to srand out as 
physical features on the landscape, whereas che biotite 
migiaatites are generally smaller, more dir ruse and 
scattered within the paragneiss series. The type area io 
in the north-east where the Namalowe-Daoda-NumDiro Nchinga 
arc of hills form a series of prominences rising a 
thousand feet above the surrounding plains. The many
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other localities in the Port Johnston area in which almost 
identical types occur has already been referred to in the 
foregoing account of the textures and structures of these 
rocks (see “observed in field - macrotextures'). In thin 
section the characteristics of the individual component 
minerals are the same as those of the biotite-migmatites, 
of which a pétrographie account has already been given.
From the Chilanga perthosites they are not only distin­
guished by their streaky inhomogeneous appearance in hand 
specimen, but also in thin section by a relative scarcity 
of orthopyroxene, a greater abundance of biotite and 
hornblende, a greater proportion of microperthite relative 
to oligoclase, and by the occurrence of sphene and 
apatite as accessories. Although there are many references 
in the published literature to the occurrence of migmatite 
biotite-gneisses and perthitic syenites in the Basement of 
Malawi, these are usually described as being marginal to 
large bodies of uniform syenite, or as products of local 
mobilisation of the Basement. Walshaw (1966) has however 
recently noted an abundance of similar rocks forming a 
number of prominent features rising from the Chiripa 
plateau adjacent to the Port Johnston area. These are
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generally more siliceous than the Fort Johnston rocks, and 
are classified as granitoid gneiss. From the account 
given of these, and in particular of their inferred 
petrogenesis, it seems likely that they are equivalent to 
the Fort Johnston m.igraatitic perthosites, the more 
quartz-rich varieties of which are also granitic in com­
position.
ii) Matemangwe leucocratic perthosite
Textures granoblastic - microporphyroblastic
Grain sizes 0.5 - 3.0 mm.
Mineral assemblagess
Essentially microperthite-quartz- oligoclase
Commonly biotite (minor in amount)
Rarely hornblende, clinopyroxene, garnet
Accessories zircon, sphene
Notes 5
The type area is the central part of the Gome- 
Mat emangwe-Hindi range of hills in the south of the area 
east of the Lake. Similar, but rather coarser-grained 
rocks which are assumed to be equivalent occur at Mbungwe 
in the Namwera area, and at Nkopola on the western shore 
of the Lake, The southern extremity of a very well-
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defined ridge running almost due N-S for a distance of 
nearly 20 miles reaches into the Fort Johnston area east 
of the Lake just north of the Unga stream (Holt 1961 
p.32). This southern extremity is not representative of 
the feature as a whole, as it is highly contorted and cut 
by a later (Chilwa Province) syenite. It does however 
appear to be composed of a leucocratic perthosite closely 
similar to the Matomangwe type. In the Matemangwe rocks 
acute cataclasis was seen in one thin section only, but 
undulose extinction in all quartzes and felspars indicates 
that some degree of strain is a universal feature of all 
these rocks„ Microperthite, which occurs as ragged 
irregularly-distributed plates in a granular groundmass 
of quartz and plagioclase is generally the film or vein 
orthoclase type, though some shows a vague and shadowy 
cross-hatch twinning of the microcline type. Quartz 
occurs as large sub-lobate plates, often with cross 
fractures, as well as in the groundmass, Plagioclase 
occurs in the groundmass only, as rounded to sub-tabular 
granules. Interstitial myrmekite is prominent in some 
rocks, Ferromagnesians occur in minor amount only, 
generally in irregular wisps and shreds. Iron ore is
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granular and scattered at random. Sill like bodies of 
leucocratic perthosite rocks which form prominent 
topographic features have been reported from a number of 
localities in Malawi. An arcuate ridge of rock of this 
type, described as quartz-leucoperthosite, is associated 
with the Chingale ring (Bloomfield 1965A p„40). In other 
localities, listed below, similar ridge-forming rocks are 
variously described as perthosite-gneiss or perthitic 
augengneiss.
Described from elsewhere in Malawi in:
Ncheu area (Morel 1963 p.33)
Zomba area (Bloomfield 1965B p.66)
Kirk Range-Lisungwe Valley area (Bloomfield and Garson 
1966 p.130)
Shire Highlands area (Evans 1966 p.29).
iii) Ndengu pyroxene-perthosite
Textures weakly gneissic - microporphyritic 
Grain sizes 0.5 - 3.0 rrmfi
Mineral assemblages s
Essentially clinopyroxene-microperthite-quartz.
Commonly oligoclase, biotite
Rarely orthopyroxene, hornblende
Accessories zircon, iron ore.
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Notess
Rocks of this group occur adjacent to orthogneisses» 
whose mineralogy they reflect. They are distinguished by 
association therefore, rather than by a very distinct 
petrography. In the cype area they form a prominent range 
of hills rising over a thousand feet from the eastern 
flank of the Chilanga perthosite, which is itself not 
well-defined topographically. Other occurrences of rocks 
of this type are peripheral to the basic orthogneiss 
within the Chinolo ring structure, and at Chisheu hill. 
Bloomfield (1965A p.38) has under the heading of 'biotite- 
pyroxene-perthosite' given a detailed account of the 
petrography of similar rocks occurring specifically within 
ring structures. Apart from being rather richer in 
biotite these closely correspond to the Fort Johnston 
types, for details of which the reader is referred to 
Bloomfield's work.
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iv) Nsondole hornblende-perthosite
Textures foliated-lineated. In thin section porphyritic- 
granular.
Grain sizes 0.5 - 3.0 nmi.
Mineral assemblages :
Essentially hornblende-microperthite-quartz
Commonly biotite, clinopyroxene (rimmed),
oligoclase.
Rarely orthopyroxene (relict)
Accessories iron ore, zircon, apatite.
Notess
Rocks of this type form the peaks including 
Mapalamba, Mnembe, Nsondole Ngongwe and Likuju all rising 
to over 5,000 feet just south of the northernmost border 
of the map on the east side of the Lake. The peak of 
Nsondole reaches 6,894 feet and is the highest point in 
the Port Johnston area. Apparently identical hornblende- 
perthosites are prominent within the Chingale ring complex, 
and a complete account of their petrography has been given 
by Bloomfield (1965A p.33) to which the reader is referred 
for details. This is the commonest type of Basement 
perthosite and probably forms most of the many peaks and 
prominences dotted all over southern and much of central 
Malawi, Specific references to these include the
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following: -
Cholo area (Holt 1953 p.12)
Blantyre/Limbe area (Morel 1958 p.48)
Zomba area (Bloomfield 1965B p,75)
Lilong-we south area (Thatcher and Walter 1965 p. 9)
Lake Chiu ta area (Dawson and Harrison 1965 p. 11)
Shire Highlands area (Evans 1966 p. 30)
v) Mangoche anatectic syenite
Textures hypidiomorphic, very inequigranular
Grain size: 2.0 - about 10 mm.
Mineral assemblages:
Essentially biotite-(hornblende)-microperthite 
Commonly clinopyroxene (rimmed), oligoclase
Less commonly microcline, quartz 
Rarely orthopyroxene (relict)
Accessories iron ore, zircon, apatite, sphene.
Notes:
A description has already been given of the Mango che 
massif in which it has been shown that it consists of a 
central massif and an outer arc. >Jhile these two units 
are composed essentially of biotite and microperthite, 
studies of 51 thin sections collected from all parts of 
the massif suggest that while hornblende also seems to be
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a universal component of the rocks of the outer arc, it is 
less generally distributed in the central massif. Quartz 
is also apparently more abundant in the outer arc, while 
microcline is commoner in the central part of the massif. 
The apparent relative proportions of the individual com­
ponent minerals of these syenites are set out in Table IX. 
Because these findings are based only on reconnaissances 
and a low density of sampling of the complex which is of 
over SO square miles in extent, they must be regarded as 
tentative. No very obvious differences between the rocks 
of the different parts of the massif were noted during the 
field examination, but more detailed work might show that 
distinct types occur which are petrographically distinguish­
able from each other. In thin section microperthite, which 
is the principal constituent of all these rocks, occurs in 
somewhat clouded anhedral to sub-tabular crystals, always 
V7ith characteristic very crenulate boundaries. It is 
generally the coarsest-grained mineral present, varying 
in size from 2 mm up to 10 mm in the more porphyritic 
varieties of rock. Shadow or vein types predominate, often 
enclosing small globules of quartz or tabular patches of 
plagioclase which have the appearance of being
3 2 2 .
TABLE IX
Mineralogical variations in the Mangoche anatectic 
syenites, based on an examination of 51 thin sections of 
rocks from all parts of the Complex.
Horn­
blende
Ortho-
pyroxene
Clino­
pyroxene Quartz
Plagio­
clase
Micro­
cline
Outer
arc
70 7 63 43 77 10
Central
massif
loo 5 : 52 29 90 52
Per cent of sections examined.
All sections contain biotite and are composed of at 
least one third microperthite.
323.
poikiloblastically enclosed rather than exsolved. In a 
few rocks microperthite is crowded with tiny red-brown 
needles (probably rutile) rectangularly arranged. Biotite, 
which is usually associated with other ferromagnesians or 
rimming iron ore, is golden-brown to dull greyish-brown, 
and often has pleochroic haloes. Hornblende, which occurs 
both as subhedral crystals and as fibrous rims to clino­
pyroxene is green to greenish brown. Clinopyroxene 
invariably shows one of three types of alteration. Either 
it uralitised, or it is densely clouded with opaque 
material, or it has a relatively clear body colour but is 
rimmed by hornblende. Plagioclase, which is a sodic 
oligoclase, generally occurs as small plates either 
enclosed in or interstitial to larger plates of micro­
perthite, though in a few rocks it occurs as larger plates, 
some enclosing microcline relics, Microcline itself is 
always subordinate to other felspars, normally shows 
cloudy alteration and is embayed. Quartz occurs in 
spectacular myrraekitic inter growths between adjacent 
felspars and also as globules within and at the boundaries 
of other minerals, including ferromagnesians.
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Of all the Malawi granites, syenites and perthitic 
gneisses for which chemical data are available, the Skull
Rock syenite compares most closely in composition with a
biotite-hornblende-perthosite of presumed Basement age
from Chingale, Zomba District (Bloomfield 1965A pp.21, 33,
52) . It is however considerably more alkaline than the
Chingale rock and has more potash relative to soda. It
differs also from 'average alkali syenite' (Nockolds 1954
p. 1016) in the same respects (see Table X), A complex of
perthitic syenites and gneisses underlying an area some
200 square miles in extent occurs in the Shire Highlands
100 miles to the south of the Fort Johnston area, A
description of the perthitic syenite of this area by
Morel (1958 p.49) indicates similarities with the Mangoche
syenite. Both are large complexes in which the rocks are
variable and incompletely known however, so that although
they may be regarded as being probably equivalent, this
is not completely certain.
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TABLE X
Comparisons of the chemical composition of the Skull Rock 
syenite from the outer arc of Mangoche with that of other 
Basement syenites of southern Malawi and average alkali 
syenite.
Weight per cent.
2238
E
27 9A
KB
1179
A
SiO 61.86 53.25 55.61 61.86
18.23 18.55 18,38 16.r 1
3.53 1.59 1.76 2.32
FeO 1.15 2.56 2.22 2.63
MgO 0.62 2.14 1.74 0.96
CaO 0.63 4 . 3 9 3.03 2.54
Wa,0 4.73 4 . 4 9 4.84 5.46
7.43 6.09 6.71 5.91
H^O - 7 1 0 5  ° 0.S2 0.09 0.26 0.53
H^0<105° 0.16 0.33 0.11 —
TiOg 0,49 0.76 0.86 0.58
^2°5
0.35 0.44 0.38 0.19
0.07 0.12 0.01 0.11
nil 0.05 0.10 — —
100.04 99.85 100.06 1 0 0 . 0 0
Total
alkali
k
12:27 10.58
______
11:55 1 1 . 3 7
K^0/Na20 1.56 1.36 1.33
-
1.08
Analyst W.H. Herdsman
9 2 o
2238 Biotite-syenite. Skull rock, Mangoche mountain. 
Fort Johnston.
S279A Hornblende-perthosite. Chiradzulu Mountain, 
Shire Highlands. (Evans 1966 p.35, Table V)
KB1179
A
Biotite-pyroxene-perthosite. Lulanga Hill, 
Chingale, Zomba District. (Bloomfield 1965A 
p.52u Table VIII).
Average alkali syenite? mean of 25 analyses 
(Nockolds 1954 p.1016).
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c) Petrochemical nature and Possible Petrogenesis
i) Petrochemical nature 
The only chemical analysis of a Basement syenite 
from the Fort Johnston area confirms its alkaline nature 
(Table X) , Pétrographie studies of the Mangoche complex 
as a whole (Table IX) suggest that the central part of 
the massif is likely to be at least as alkaline as the 
outer arc of which the Skull Rock syenite forms a part.
By analogy, and from pétrographie studies the other 
Basement syenites and migmatites of the area may be 
inferred to be predominantly alkaline.
In this connection it may be noted that Bloomfield 
(1965A. p. 110) has stated that the syenogranitic rocks of 
the Basement are distinguished by their calc-alkaline 
nature. This viev; is however based on the evidence of a 
number of analyses of these rocks from ring structures in 
which they are associated with, and partly derived from, 
basic and ultrabasic rocks. This alone would account for 
their relatively high (3 - 7 per cent) CaO content. As 
has been shown in the preceding paragraphs, association 
of basic and ultrabasic rocks is neither a fundamental 
nor even typical feature of these syenites, A number of
3 2 8 .
factors unconnected with the presence of basic intrusions 
may control the rise of the alkaline material which it is 
agreed is responsible for their petrogenesis. Even a study
I
of the sequence of metasomatic changes involved in the 
generation of these rocks carried out by Bloomfield (see 
below) suggests that the trend of the process is towards 
the formation of alkaline rather than calc-alkaline types.
The Fort Johnston Basement syenites and migmatites 
are therefore not necessarily untypical of those of the 
rest of southern Malawi in respect of their alkaline nature. 
Unfortunately no chemical data is available for the many 
dozens of Basement syenites large and small which occur 
independently of basic rocks and ring structures throughout 
the territory, on which a more general assessment of the 
petrochemical nature of this suite of rocks could be based.
ii) Possible mode of replacement.
Both field and pétrographie evidence have been 
described which suggest that a growth of potassic felspar 
in pre-existing charnockitic gneisses and granulites has 
produced a series of rocks ranging from migraatities of the 
Namalowe type to comparatively uniform rocks such as the 
^ngoche syenites.
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Such a transformation could either take place by a 
process of simple addition of material leading to an
increase in volume of the pre-existing rocks, or it could 
involve an expulsion of the cafemic constituents and 
minimal volume change. As Bloomfield has pointed out 
however (op. cit. p.81) simple volume-by-volume replacement 
is ruled out because pétrographie evidence shows that much 
of the alkali felspar grew by pushing apart the mafic 
minerals.
With a view to establishing whether some chemical 
changes involving a withdrawal of other material took 
place at the same time as the felsic material was added 
Bloomfield (loc. cit.) compared the chemical composition 
of the mafic minerals of some perthosites and syenogabbroic 
hybrids with the whole rock composition of a metapyroxenite 
from which on field evidence they were thought to have 
been derived. It was concluded that the bulk chemical 
changes taking place in the formation of the perthosite 
and syenogabbro from the metapyroxenite involved decrease 
in Fe, Mg and Ca, as well as the predictable increase in 
Si/ Al, and alkalis.
Comparison of the composition of a quartz-syenite
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which shows some evidence of having been at least in part 
derived from charnockitic granulite, with the averaged 
composition of four of the latter from the Basement of 
mlawi is perhaps more directly relevant to the problem 
of the petrogenesis of the Fort Johnston rocks. Despite 
the fact that the quartz-syenite occurs in a ring struc­
ture in which basic rocks are inferred to occur at depth, 
and may therefore for reasons already stated be higher in 
Ca than normal Basement syenites, this comparison shows 
that it is in fact significantly lower in this element than 
the charnockite (Bloomfield op. cit. p.84, Table XX). In 
addition to decrease in Ca development of the quartz- 
syenite from ' average charnockite ' would seem to have 
involved subtraction of Mg, Na, and Al, while Si remained 
constant, and significantly, only K would seem to have 
increased.
iii) Tectonic significance of the Alkaline Plutonism
In a discussion of the tectonic significance of 
alkaline igneous activity Shackleton (1954 p.21) noted that 
some alkaline rocks can be explained by limestone syntexis 
and are without tectonic significance, while others.
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particularly plutonic ring-structures suggest neutral 
conditions without notable stress. Thus although a 
correlation between tectonics and alkaline rocks is not 
universal, nevertheless Shackleton points out, rift 
valleys have more than the normal proportion of alkaline 
eruptives, and in the extra-orogenic rifts, such as those 
of Africa, alkaline rocks are particularly conspicuous.
More recently King and Sutherland (1960) in a review 
of the alkaline rocks of eastern and southern Africa have 
drawn attention to the fact that not only is alkaline 
vulcanism prominent in association with the later rifting, 
but also that alkaline plutonism dating back to at least 
pre-Karroo times is cominon in parts of the Rift zone.
Their map (op. cit. Fig. 1 p. 300) of the distribution of 
the alkaline complexes shows that these early plutons are 
concentrated in the south of the existing rift zone, and 
in the region of its southv;ard extension to the Lemombo 
monocline which Dixey (1956) suggests should also be 
included within the concept of a greater Rift system 
(Dixey op. cit. Fig,3 p.l).
On structural grounds McConnell (1951) and Dixey 
(op. cit.) have suggested that the evolution of the Rift
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dates from Precambrian time, and that nowhere are its 
early origins better demonstrated than at its southern end.
Thus in addition to the fact that a general 
association of alkaline activity with the Rift zone may be 
noted, there is also in Malawi evidence of an association 
of pre-Karroo alkaline plutonism with some of its 
demonstrably most ancient parts.
It has already been suggested that southern Malawi 
forms an example of a region in which the deeply eroded 
foundations of a mobile belt can be studied by direct 
observation. If in fact this early plutonism was con­
temporaneous with rifting, mobility of a rather special 
kind, and different from that of orogenic belts from which 
Read (1957 p.385) describes the phenomenon of granitisation, 
is implied.
It has also already been noted that the processes of 
syenitisation and perthitisation which characterise the 
Basement of Malawi, although they show many of the features 
of granitisation described by Read (op, cit, ) differ from 
it in being deficient in silica and lime, and relatively 
high in alkalis. It is now relevant to consider to what 
extent this difference may be correlated with differences
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in tectonic conditions in the roots of normal orogenic 
belts and those of zones of rifting.
In this connection it must first be noted that the 
Rift faults are in effect a series of longitudinal frac­
tures which transect the crests of a series of broad 
geanticlines, and that these geanticlines must themselves 
be regarded as being at least as fundamental to the Rift 
problem as the faults (Willis 1936, Dixey 1956).
Thus in a consideration of the association of 
alkaline volcanics Shackleton (op, cit,), quoting Willis, 
enumerated as the essential features of the Rift Valley 
problem uplift (formation of the geanticlines), faulting 
(formation of the Rifts), and eruptions (alkaline vulcanism) 
His explanation of this association is that the same 
stresses which caused the contortions of rocks that are a 
feature of the normally deformed orogenic belts of the 
world warped the more rigid regions into a series of basins 
and swells. Secondary tension over the swells caused Rift 
faulting, and consequent lifting of the load under these 
caused differential melting of the sub-crust. It is 
further suggested that the alkaline nature of the vulcanism 
is due to the rate of sub-crustal melting rather chan the
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stress conditions prevailing in the crust through which 
the magma was erupted.
In a more recent and detailed consideration of the 
same problem D.K, Bailey (1964) has come to the same con­
clusion as Shackleton, and cites Yoder's (1952) experimen­
tal work to account for the mechanism by v/hich relief of 
load could bring about the sub-crustal melting envisaged. 
He points out that such a mechanism could produce 
derivative magmas without requiring the vast quantities of 
heat that would be required to melt the whole of the 
material of the sub-crust, and that such partial melting 
could not only, if the parent material were basaltic, 
produce alkaline liquids, but also that the zone of 
pressure relief induced would concentrate volatiles and 
fugitive constituents from the underlying mantle.
Furthermore the rather open type of folding and
lack of alpine style tectonics which is seen in the Fort
Johnston area to be associated with the second deformation
Slid alkali metasomatism and the association of anatexi^es
with synforms and structural basins ('inverted intrusion
tectonics') would seem to be consistent with the existence
of a zone of vertical relief of pressure at depth and lack 
of intense lateral compression.
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9) Conclusions concerning the petrogenesis of the 
perthitic miqiiiatites and anatexites.
Conclusions drawn from the foregoing description 
and discussion of the structure and petrology of the 
migmatites and anatexites may be summarised as follows: -
a) The migmatites and anatexites are rocks in 
which a hydrous potash metasomatism, identical 
with that shown to affect the paragneisses, has 
proceeded beyond a point where mobilisation becomes 
an important factor and previously inhomogeneous 
rocks start to become homogeneous,
b) Their formation is broadly syntectonic with 
the second deformation in which E-W or HE-SW trends 
were imposed on the previously folded Basement, so 
that there are grounds for correlating their 
formation not only geochemically, but also struc­
turally and in time with the second (retrograde) 
metamorphism and alkali metasomatism of the 
paragneiss series,
c) Their formation and emplacement has been 
controlled by the reaction of the structures of
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the pre-existing crystalline Basement to the 
synkinematic deformations and also to a lesser 
extent by lithological variations within the 
Basement,
d) In these respects they show features comparable 
with those associated with the mobilisation and 
granitisation of a reactivated crystalline Basement.
e) The alkaline nature and relative deficiency of 
lime and silica of the metasomatised and migmatised 
rocks distinguishes them from those of a granitic 
terrain,
f) The associated rather open style of folding and 
remarkable occurrence of 'inverted intrusion 
tectonics' whereby the anatexites are preferen­
tially located within structural basins and synforms 
also differs from that of most granitic terranes,
in which overturned folds and anticlinal batholiths 
are common„
g) The structural and geochemical differences may 
be connected with the fact that granitic migmatites 
are generally considered to have formed
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s^/ntectonically in the root zones of orogenic belts, 
whereas the alkaline migmatites appear to be 
generated beneath relatively rigid continental 
blocks by relief of load on the sub-crust in a 
zone of rifting,
h) The existence of an E-W to NE-SW trending pre- 
Karroo Rift in southern Malawi might appear to be 
implied by the above interpretation, and this 
possibility will be further considered in Chapter IV,
III
THE POST-BASEMENT INTRÜSIVES
1) Introduction
Intrusive and replacement bodies of syenite, quartz- 
syenite and granitic variants of these occur abundantly 
throughout the whole of southern Malawi, and reference has 
already been made to the fact that until recently these 
were divided into an older Basement Complex, pre-Karroo 
group, and a later Chilwa Alkaline Province post-Karroo 
group. Most of them are seen in contact with Basement 
paragneisses only, so that relationships with sediments of 
Karroo age, which are preserved only in a few isolated 
basins, are only in a few cases directly observable. The 
occurrence of a swarm of do1erite sills and dykes which 
cut Basement gneisses and Karroo sediments, but are 
themselves cut by intrusives of the Chilwa Alkaline 
Province, provides a criterion by which the age of a 
syenite may be judged when its relation with one of these 
dolerites is seen. The dolerites are of limited value in 
this respect however because, although they are common 
south of Blantyre, they diminish northwards and are rare 
north of Zomba.
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The main criterion which has been held to distinguish 
the Basement syenites from those of the Chilwa Alkaline 
Province is that whereas the former tend to be strongly 
potassic, the latter are generally predominantly sodic, a 
feature which is often reflected not only in the composition 
of their felspars, but also of their dark minerals, which 
frequently includes an association of types such as 
riebeckite, arfvedsonite and aegirine. The Chilwa syenites 
are also generally considered to be cross-cutting with 
sharp intrusive contacts, whereas the Basement types, as 
already indicated, tend, to be unconformable and to have 
gradational contacts. Thus assessment of the ages of many 
syenite bodies of southern Malawi has, in the absence of 
more conclusive evidence, depended on pétrographie and 
structural correlations with one or other of the above 
groups based on these criteria,
A number of large intrusions, some of batholithic 
dimensions, have long been known to occur throughout the 
territory which, while not markedly sodic, are clearly 
cross-cutting with quite sharp contacts. Another notable 
feature which distinguishes intrusions of this type is that 
they are generally quite uniformly granitic, whereas
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granites are not prominent among the Basement and Chilwa 
types and when present are usually gradational with syenite 
and quartz-syenite. The wholly granitic types have in the 
past been classified either as Basement or of unknown age, 
and they have constituted a problem which until the 
development of radiometric age determination methods there 
seemed no clear solution.
So far only two age determinations have been carried 
out on rocks of this type, but these confirm that they are 
neither Basement nor Chilwa, and show that they are 
probably Palaeozoic,
Since both cross-cutting granites and sodic syenites 
occur in the Fort Johnston area a two-fold division of the 
Post-Basement major intrusives is adopted in this Chapter, 
the Basement intrusives having been dealt with previously.
No attempt is made to deal with the minor intrusions
in chronological order since their relationship one with
another, and with the major intrusives is in doubt. They
are therefore described in a separate section, in which
the problem of their relative ages is referred to, but not
discussed in detail, since evidence on which this could be 
convincingly resolved seems to be lacking in the Fort 
Johnston area.
c\>
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2) Microcline-qranites of Probable Palaeozoic Age
a) Introductory note
Microcline-granites occur at three main localities 
in the Fort Johnston area, one west of the Lake, one within 
the Rift, and one east of the Lake. In the account of 
these that follows a description of their general features 
is given, which is followed by a discussion of their 
possible affinities with granites recorded from other 
localities in southern Malawi, and particularly those on 
which radiometric age determinations have been carried out.
b) Distribution and field relationships
Figure 4X shows the distribution of the microcline- 
granites of the Fort Johnston area. Main localities are: 
Ü 2 U Z U  mountain, the neighbouring but separate hills of 
Chiuse and Njela, and the Ntamba/Mauni/Lijarnbe/Chiloie group 
of hills.
Ü Z U 2U  mountain situated nine miles east of the Lake Malawi 
outlet, and rising to 4,538 feet from the lower shelf of 
the main Rift escarpment, consists of a rather fine-grained 
granite with few inclusions. The granite mass cuts the
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southern end of the Chilanga perthosite, and it is also 
in contact with pyroxene-gneisses. Its shape is elliptical 
to lenticular, one and a half miles in length and three- 
quarters of a mile across at its widest part. It is 
oriented W/l-SE and forms a prominent ridge running in that 
direction, which is also the direction of trend of the 
gneisses at its southern end. No cross cutting dykes were 
seen, and contacts seem to be largely obscured by fallen 
boulders, many of giant size, and soil material.
Chiuse and Njela comprise two separate hill groups lying 
within the main Rift trough south of the Fort Johnston- 
Namwera road. The former is twin peaked, while the latter 
is more complex, consisting of several peaks and ridges, 
only the northernmost of which lie within the area mapped. 
Both hill groups are entirely surrounded by lacustrine 
drifts from which they rise nearly a thousand feet. In the 
field both appear to consist of a fairly uniform medium- 
grained granite in which no inclusions or cross cutting 
dykes were seen. On the air photographs both show distinct 
lineaments however, those of Chiuse (the northernmost) 
being arcuate and closing to the north-west, while at 
Njela a remarkably symraetrical ellipse is faintly
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discernible within the granite which is not distinguishable 
on the ground, either topographically or patrologically, 
and evidently indicates slight textural differences only 
visible 'en masse'.
The Ntamba/Mauni/Liiambe/Chilole hills rising to over 
3,000 feet nine miles west of the Lake Malawi outlet are 
composed of a medium-grained granite very similar in 
appearance to that of Njela and Chiuse. A similar rock 
crops out from a cover of lacustrine sediments east of 
Mtaraba and Mauni to form the isolated peaks of Mwanasonga 
and N!coka. All these apparently represent parts of a 
single intrusion, and a granite mass underlying an 
approximately circular area some 12 square miles in extent 
is indicated. No dykes were observed actually in contact 
with the granite, though some NX'7-SE trending micro granites 
crop out through the drift in the area inferred to be 
underlain by granite. Likewise no inclusions were seen 
in the granite, though high up on the side of Mauni skarn 
rocks occur the contacts of which were not seen, but which 
must be enveloped in granite, and either represent a raft 
or roof pendant of paragneiss. Immediately south of, and 
a few feet below Mauni peak fine grained hornblende-
granulites occur which are also apparently a relic of 
paragneiss enveloped in granite, although again contacts 
were not seen.
Viewed from the north the Mauni mass shows a 
number of NVJ-SE trending fractures dipping into the Rift 
Valley (Fig.46). These form the eastern boundary of the 
Mauni/Chilole hill complex, beyond which the granite is 
largely drift-covered. This sharp break in topography 
suggests that the granite may be cut by faults parallel 
to the Rift. If this is so the displacement on these may 
not be very great, since the gneisses do not form a scarp 
continuing this line, but have a gently sloping surface 
with a very irregular boundary against the drift. In 
addition to these breaks, a number of NE-SW and E-W 
trending lineaments in the main exposure of the granite 
are visible on the air photographs. Although many of these 
represent joints, that which passes NE-SW between Ntamba 
and Mauni appears to be a break along which the outcrop 
pattern suggests there has been some downward displacement 
to the north-west.
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c) Descriptive petrography
i) Uzuzu biotite-granite.
Textures xenomorphic granular - porphyritic
Grain sizes groundmass 1 - 3  mra, phenocrysts up to 7 mm.
Mineral assemblages :
Essentially biotite-quartz-oligoclase-microcline
(lïdcroperthitic in part)
Commo n1y hornblende
Accessories sphene (very common as crystals up to
1 niiTi size), apatite, zircon, iron ore.
Notess
The rock is massive, medium-grained, porphyritic 
in parts. The felspars are white, the quartz clear, and 
biotite forms small scattered flakes. In thin section the 
biotite is dull-brovm (almost opaque) to pale-brown. 
Hornblende is the normal green variety. Microcline shows 
good tartan twinning, but is often clouded. Oligoclase 
also is normally clouded, and shows strain effects.
Strain effects in quartz are variable, but not normally 
very pronounced. Sphene occurs in well-shaped rhombs, 
or in granular intergrowths with ferromagnesians„ In 
chemical composition (Table XI) the rock appears to 
correspond more closely to adamellite than to true alkali 
granite, though it has affinities with both. Both
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TABLE XI
Comparisons of the chemical composition of Uzuzu and Ntamba/ 
Mauni microcline-granites with those of some granites from 
other parts of southern Malawi on which radiometric age 
determinations have been carried out, and with some analyses 
of typical quartz-bearing plutonic rocks.
1-------
4006
1 Av.of KB 
i 1766B 
1 & 1799
A 2233
T '
KB
2023
I !
SiO^ 69.46 67.78 69.15 67.14 66.40 73.66
A 1 2 0 3 14.12 13.80 14.63 14.86 15.39 13.81!
2.14 2.69 1 . 2 2 2.04 3.14 0 , 2 1
i
PeO 1.71 2.84 2.27 2.87 1.15 1.51
MgO 0.78 0.60 0.99 0.25 0.77 0.45
,
CaO 1,84 2 . 1 0 2.45 1.04 1.56 0.67
Na^O 3.35 3.32 3.35 3.74 4.08 2.89
4.92 5.31 4.58 7.09 6.35 5.02
H^0::>105° 0.44 0.26 0.54 0 . 2 2 0.38 1 0  6 6
105® 0.16 0.06 — — 0.31 0.18 ——
Ti0 2 0.54 0.75 0.56 0.27 0.36 0.16
^2^5 0.09 0 . 2 2 0 . 1 2 0.13 0.26 1
MnO 0.03 0.08 0.06 0.08 0.09 y 0.31
CO 2 nil nil nil 0.03 nil 1
Total 99.58 99.81 99.92 100.07 1 0 0 . 1 1 100.35
Total alkali 8.27 8.63 7.93 10.83 10.43 7.91
K O/Na^O
<0 ^ 1 0 46 1.60 1.37 1.89 1.56
___
1.75
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4006 Uzuzu biotite-granite. Fort Johnston area 
Ana1o Wo H „ Herdsman.
KB 1766B Porphyritic biotite-microcline-microgranite.
Naisi stream, Somba District. Anal. J.R. Baldv/in 
(Bloomfield 1965B p.90 Table IX).
KB 1799 Porphyritic biotite-hornblende-microperthite- 
microgranite. Mile 7, Zomba-Blantyre road.
Anal. J.R. Baldwin (Bloomfield loc. cit.).
A
2233
Adamellite. Average of 121 analyses. 
(Nockolds 1954 p.1014).
Ntamba/Mauni biotite-hastingsite-granite 
Senjere stream. Fort Johnston area.
Anal. VJ«H, Herdsman.
K3 2023 Biotite-granite. Cape Maclear - Monkey Bay 
road. Anal. W.H. Herdsman.
B Alkali-granite. Haytor, Dartmoor, England 
Anal. H.F. Harwood.
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petrographically and in chemical composition it bears close 
resemblances to the Domasi granite (Bloomfield 1965B p. 8 8 ) 
of Lower Permian age (Snelling 1965 p.35).
ii) Hastingsite-granite of Chiuse/Njela 
and Ntarnba/Chilole
Texture : hypidiomorphic granular
Grain size: 3 - 5  mm
Mineral assemblages s
Essentially hastingsite-biotite-quartz-microcline-
oligoclase.
Commonly microperthite.
Accessories zircon, apatite, sphene, iron ore.
Notes :
These rocks are coarser-grained than those of Uzuzu, 
and contain relatively more microcline. In thin section 
the microcline is seen as the most abundant felspar, 
occurring in large tabular to sub-tabular plates.
Oligoclase is also large, well twinned and relatively 
unstrained and unaltered. Microperthite is ragged and in 
some instances shows alteration to microcline, which seems 
to be the most stable felspar. One of the most striking 
features of these rocks is the pale yellow-green to blue- 
green colour of the amphibole. Optical properties of this
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amphibole corresponds to those given by Billings (1928) 
for hastingsite, an identification which has been confirmed 
by Mr. R. Curtis by means of X-ray powder photographs 
(Borley and Frost 1963) on a sample separated from a 
specimen of the granite from the peak of Nkoka hill (2403)• 
The hastingsite is the most abundant ferromagnesian in the 
Ntamba/Chilole granites, but is rather less prominent in 
those of Chiuse and Njela. Biotite, which occurs in robust 
flakes, some with pleochroic haloes, is dull-brown to 
golden-yellow-brown. In the Ntamba/Chilole rocks it occurs 
mainly in clumps with hastingsite. Although sphene is a 
common accessory, it is not as prominent as in the Uzuzu 
granites. In composition (Table X) the Ntamba/I^launi 
granite is markedly potassic and significantly more 
alkaline and less calcic than the Uzuzu granite. Its 
affinities are thus more truly granitic, rather than with 
adamellite. A granite from Dartmoor is comparable in 
composition though less alkaline. Chemically and struc­
turally the Ntamba/Mauni granite compares with that of the 
Lower Silurian (Snelling 1963 p.38) Cape Madear batholith 
40 miles to the north.
Figure 43.
r,m*
Naraizurnu (5462 ft) cut on its western side by 
a main Rift fault. Viewed from the south-west 
(from Ndela).
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3) Chilwa Alkaline Province (Lower Cretaceous)
Alkali Syenites.
a) Introductory note
The main features which distinguish rocks of this 
type from those described in the previous sections is their 
sodic rather than potassic character, and their prédominent- 
ly syenitic rather than granitic composition. It is mainly 
on these features that they are correlated with the 
syenites of Mian je and Zorrba, and with the syenite of 
Salambidwe 120 miles to the south of the Port Johnston area 
which cuts Karroo sediments and lavas, but is bevelled by 
an erosion surface of early Cretaceous age on which lie 
relics of early Cretaceous Lupata beds (Dixey et. al. 1937 
p.36) .
b) Distribution and field relationships
In the Fort Johnston area sodic syenites occur in 
three main localities or associations of localities.
Firstly, emerging from the high peneplain in the north-west 
of the area are the syenites of the Namizimu and Ndela 
mountains and to the west of these, and separated from 
them by a large Rift fault, is the Nambungo syenite which
Figure 44
Ndela east peak (5560 ft) viewed from Ndela 
west peak. Nsondole (see also Figs. 24 and 39) 
is in background.
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is very similar patrologically and chemically and may be 
part of the same intrusion. The second association is 
characterised by a rather uniform rock type which occurs 
in a number of rather spread out but possibly related 
occurrences within the Rift trough. Main exposures of 
these are at Ntenjesa hill which rises from the eastern 
Lake shore plain north of Malindi, at Chinyangwazi Island 
('White rock') one mile from the eastern Lake shore, and 
at Nlcopi hill on the western Lake shore in the extreme 
north-east of the area. Thirdly, the Nchesera and 
Lugwiliro hills represent the northern extremities of some 
large syenite masses which lie mainly outside the area 
mapped, but which extend just into the south-east corner 
of it.
Namizimu and Ndela rising to 5,462 and 5,560 feet respec­
tively from the plateau flanking the Rift are surrounded 
by residual drifts so that their relation with the 
surrounding rocks is not seen (Fig.43). The Namizimu 
syenite is strongly foliated parallel to the Rift fault 
which cuts it on its western side. On its eastern side 
it encloses an elongated raft or pendant of gneiss in 
which arfvedsonite is the predominant dark mineral and
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which is crowded with tiny prisms of zircon.' Although 
the Ndela syenite has not been mapped in detail the 
presence of foliated syenites cut by later unfoliated 
type shows it to be a multiple intrusion. A noteworthy 
feature of the foliated syenite is that it includes a 
zone of enrichment in rare earths in which the mineral
chevkinite (see Table XII) forms over half the bulk of
the rock.
The enriched zone, which is concordant with the 
foliation of the syenite,'* is approximately 2 0  feet in 
width and nearly 200 feet long. It is conspicuous by its 
radioactivity (max. 1 0  mr/hr).
On weathered surfaces the chevkinite is dull 
brownish and pitted, but broken faces exhibit a jet-black 
vitreous lustre and a conchoidal fracture. In the
boulders it occurs in acicular growths and stellate
clusters up to 2  inches in diameter, and also as masses 
of anhedral interlocking grains. The main gangue mineral 
is albite, and this, since it reflects the predominantly 
sodic character of the associated syenite, suggests a 
syngenetic origin for the radioactive mineral, additional 
evidence in favour of which is provided by the concordant
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TABLE XII
Chemical composition of chevkinite from the Ndela syenite, and 
of a cerium-rich monazite from a Chilwa Alkaline Province 
carbonatite, including a comparison of the relative abundance 
of individual rare earth elements in these.
Chevkinite (a) Menasite (b)
, Rare earth
distribution
Ceria 22.90 49.38 48.59 33.09 ce O 3
Lanthana
Neodymia
Praseodymia : : : :
1 1 . 0
7.13
2.29
23.72
15.37
4.95
36.45
10.57
3.56
24.82
7.20
2.42
S I
Yttria yt 0 0.98 2 . 1 1 0.06 0.03
Samaria* Sm^O 0 . 8 6 1 . 8 6 0.63 0.43 Sm-O,
Gadolinia Gd;o| 0.59 1.27 0 . 0 1 0 . 0 1
“ ^ 3Dysprosia
Ytterbia % :
0.30
0.14
0.65
0.30
0 . 0 1
0 . 0 1
0 . 0 1
0 . 0 1 % :
Erbia 0.13 0.28 0 . 0 1 0 . 0 1
='2°3Europia
Holmia
0.05 0 . 1 1 0 . 0 1
0 . 0 1
0 . 0 1
0 . 0 1
%
t . r. e ' s. 46.37 1 0 0 . 0 0 1 0 0 . 0 0 68.09
SiO^ 20.3 29.80 P.O.
Tio: 13.9 1.46 SrO
'
1
FeO 9.6 i 0 . 2 2 SiO^
' 2.9
2.4
0 . 2
0 . 0 1
CaO^
BaO
I
1 MnO 1 . 1 0.08 ThO
1
ThO 0.60 0.07 MgO
1
1im i  "
0.4
0.3
0.05
0.03
FeO
ZrO
iZrO
Na 8
SrO
0 . 2 j 0 . 0 2 Na.O
i 0 . 1 ! 0 . 0 1 k 8
1
0 . 1
0 . 1
1
trace
trace
PbO 0.05 trace PbO
1 K O 0 . 0 2
!
H^O 105 ® 0.5 1
...!
___ 1 Total 100.04 “ T " -  “
_ _ _ _ i _ _ _ _ _ _ _ _ _  -
100.16 Total
Weight per cent.
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a Chevkinite from summit of Ndela mountain. Fort
Johnston area, Malawi. Analyst S.A. Sargeant. 
Rare earths determined by JoS.T. Horne,
b Cerium monazite from Kangankunde Hill carbonatite
complex, Zomba District, Malawi. Figures 
selected from a number of analyses made by 
Johnson Matthey. National Chemical Laboratory, 
Imperial College and Overseas Geological Surveys 
(Holt 1965C p.13)o
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nature of the enriched zone and the absence of intrusive 
contacts between it and the foliated syenite and by a con­
cordant orientation of the elongated disseminated grains 
in the foliation planes of the syenite. Prominence of rare 
earth minerals in Chilwa series rocks has long been noted 
(To Deans 1952 Direct. Colon, geol. Surv. unpublished 
report) and a cerium rich variety of monazite has recently 
been shown to occur in economically v/orkable quantities in 
one Chilwa Province carbonatite vent (Holt 1965C).
The Nambungo hills, which rise to nearly 4,000 feet 
from the Lake Shore plain west of the main Rift fault 
cutting the Namizimu mass consists of a very uniform 
rather coarse-grained syenite very similar both 
mineralogically and in chemical composition (Table XIII) 
to the Namizimu syenite. The Namungo syenite is faulted 
along its southern boundary, while to the west and north 
it is in contact with gneisses of the Chikulo khondalite 
group and also cuts a concordant leucocratic perthosite 
which extends for many miles to the north. To the east 
it is cut by the Namizimu fault.
Like the Ndela syenite, the Nambungo syenite was 
found to enclose a zone rich in a rare earth mineral, in
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this case composed of apatite and allanite in approximately 
equal amounts. The apatite/allanite rock occurs in the 
form of blocks and rubble lying within a zone approximately 
300 feet long and 150 feet wide near the contact of the 
syenite with the gneisses approximately four miles east 
of the Lake shore village of Chiponda. According to a 
report by the Atomic Energy Division of the Geological 
Survey of Great Britain (Report No.800) the apatite con­
tains 0.11 per cent U^O^, and some thorium, and has the 
same order of radioactivity as the allanite. Associated 
non-radioactive minerals are hedenbergite, sphene and 
minor calcite. Both the composition of the rock and the 
radioactivity of the apatite are unusual, but would be 
explicable in terms of alteration of monazite, which is 
common in the rocks of the Chikulo khondalite group with 
which the syenite is in contact. Thus the apatite/ 
allanite rock could have resulted from a late-stage 
alteration of a concentration of monazite in the gneisses 
which became partly or wholly engulfed by the syenite.
Ntenjesa and Nkopi, the former near the eastern Lake shore 
four miles north of Malindi, and the latter sixteen miles 
to the north west on the western Lake shore are prominent
Figure 45,
Boadzulu Island, looking south-west. The island 
is composed, of guano-covered quartzites and 
coarse felspathic grits, probably underlain at 
no very great depth by an igneous intrusion.
The western Lake shore is in the background, 
three miles distant. The Ntamba/Mauni hills are 
on the skyline beyond the island, and the Lake 
shore peak of Nlcopola is at the left hand edge 
of the picture.
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rocky hillocks composed of the same type of uniform 
biotite-syenite. Nafisi hill near Nkopi and Chinyangwazi 
Island ('T/'Thite Rock') near Ntenjesa are also composed of 
the same type of syenite, as are a number of small reefs 
in the Lake and pinnacle outcrops rising from the Lake 
shore plain in both localities. Apparently post-Basement 
thermally metamorphosed grits forming Boadzulu Island 
provide evidence of the presence of an igneous intrusion 
which may be of the same type, since Boadzulu (Pig.45) 
lies just halfway between Ntenjesa and Nkopi. The perfect 
dumb-bell shape of the island and doming of the grits 
suggests the presence of twin stocks of intrusive lying 
possibly not very far below the surface. Exposures of 
indurated grit similar to those of Boadzulu on the east 
side of Ntenjesa hill, although not seen in contact with 
the syenite, have presumably been baked by it, and so 
provide supporting evidence that the latter is of post- 
Basement age. Low hillocks of hornfels on the east side 
of the road between Ntenjesa and Malindi probably result 
from contemporaneous alteration of more argillaceous post- 
Basement sediments by a related concealed intrusion.
Figure 45
Mauni hill, looking south from Ntamba 
Note parallel fractures in granite, 
dipping towards the Rift Valley.
Lake Palombe (south of Lake Malawi) 
is in the background.
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Nchesera and Lugwiliro are two large hi11-complexes which 
although they lie mainly to the south and south-east of the 
area mapped just appear on the Namwera sheet (1435 B3) as 
the northern tips of a series of mainly N-S trending 
ridges. These are also composed of a fairly uniform 
syenite, which, although it has not been analysed or 
investigated in detail, appears to be predominantly sodic 
and is therefore correlated with the syenites of the Chilwa 
alkaline Province. Nambunda hill rising from the Namwera 
plain approximately one mile north-east of Lugwiliro is 
also composed of a syenite of a similar type.
c) Descriptive petrography
i) Aegirine-perthosites of Namizimu,
Ndela and Nambungo
Textures xenomorphic granular 
Grain sizes 2 - 5 mm
Mineral assemblages:
Essentially antiperthite
aegirine (Namizimu, Ndela) 
aegirine-augite, hornblende (Nambungo)
Commonly riebeckite (Namizimu, Ndela)
biotite (Nambungo)
Accessories zircon, sphene, iron ores.
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Notes s
I*he occurrence of a very characteristic type of 
rather coarse braid type of antiperthite as the only 
felspar in these rocks makes them immediately distinguish­
able in thin section from all other perthitic syenites of 
the area. The main difference between the two variants 
is in the nature and amount of the dark minerals, those of 
Nambungo being less sodic, more scattered, and generally 
less abundant, a feature which is reflected in the whole 
rock composition, which also shows the Nambungo rock to 
be lower in Na, and also in Fe, Mg and Ca. Chemical 
analyses (Table XIII), particularly that of the Nambungo 
rock, are quite similar to that of a hornblende-perthosite 
which is associated with metavolcanics and nepheline- 
syenites in a ring-complex of undoubted Chilwa age at 
Chikala 80 miles south of the Fort Johnston area.
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TABLE XIII
Comparison of the chemical composition of Namizimu and 
Nambungo syenites with that of a perthosite of the Chilwa 
Alkaline Province from the Chikala hills, Zomba District.
Weight per cent
3328 4213 G990
SiO^ 61.59
. . . . .  
62.91 61.04
A 1 2 0 3 14.93 16.73 16.31
3.52 3.47 2 . 2 0
FeO 2.27 1.99 3.62
MgO 1.15 0.89 0.99
CaO 2.97 0.99 2.60
Na 2 0 5.71 6.17 6 . 0 0
^ 2 ° 4.74 5.16 5.17
H^O-?. 105® 0.69 0.19 0.25
H^O -< 105® 0.29 0.17 0.30
Ti0 2 1.07 0.76 1.05
^ ° 5
0.19 0.07 0.36
MnO 0.16 0.16 0 . 2 0
Total 99.28 99.66 100.09
1 Total alkali 10.45 11.33 11.17
K^O/Ha^O 0.83 0.83 0 . 8 6
For Key see overleaf.
361,
3328 Aegirine-perthositeo Summit of Haraizimu, Fort 
Johnston area. Anal. W.H. Herdsman.
4213 Hornblende-perthosite. Nairbungo hills. Fort
Johnston area. Anal. V7.H. Herdsman.
G990 Hornblende-perthositeo Upper slopes of Chikala
hill, Zomba area. Anal. J.R. Baldwin.
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ii) Quartz-syenites of Ntenjesa, Nkopi,
Nchesera and Lugwiliro
Textures hypidioraorphic granular
Grain sizes 3 - 1 0  mm
Mineral assemblages:
Essentially microperthite, biotite, quartz
Commonly amphibole, aegirine, oligoclase.
Accessories zircon, apatite, sphene, iron ore.
Notes :
These rocks occur at widely separated points 
throughout the area but are grouped together because, 
although variable, they are closely similar in field 
appearance and have much in common mineralogically. Only 
in thin section are the variants distinguishable; these 
are of three main types as follows : -
Ntenjesa and Chinyangwazi type. An unusual amphibole with 
a distinctive pinkish-brovm to greenish-black pleochroism 
commonly intergrov/n with golden-brown to dark-brown 
biotite characterises these quartz-syenites. Dark-green 
aegirine with embayed outlines and often sieved with 
globules of quartz is also a comraon associate of the 
amphibole. Among the light minerals microcline- 
microperthite in a distinct form, as tabular to sub-tabular
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crystals with crenulate boundaries and comraon Carlsbad 
twinning is also characteristic. Large plates of oligoclase, 
some well twinned, others showing only barely perceptible 
shadow twinning, form the only other felspar present. In 
some rocks the oligoclase is antiperthitic. Quartz, which 
always forms less than 1 0  per cent of the rock, occurs in 
subhedral sutured plates, and as small globules interstitial 
to felspar, or enclosed in aegirine. Iron ore and apatite 
are the chief accessories. The syenites of Malosa mountain 
(Bloomfield 1965B p.105), part of the Zomba complex of 
undoubted Chilwa age, although somewhat heterogeneous, are 
characterised by the same mineral assemblages (including 
the unusual brown-green amphibole) and the same textures 
as the rocks here described, and there can be little doubt 
that the two are equivalent.
Nkopi and Lugwiliro type. Although Nkopi and Lugwiliro 
hills are respectively in the extreme north-west and south­
east corners of the area mapped, and over 40 miles apart, 
and Nkopi is within the Rift, whereas Lugwiliro rises from 
the peneplain flanking the Rift, nevertheless thin sections 
of syenites from these two localities are indistinguishable 
one from another. Aegirine is absent from these rocks.
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and amphibole, although it is pleochroic in shades of 
green and brown has a lighter body colour thain that of the 
Ntenjesa type and more nearly resembles common hornblende. 
Biotite occurs mainly as small flakes adjacent to the 
amphibole, which is generally sub-prismatic with ragged 
terminations. The principal felspar, which occurs in 
plates of up to 8  mm size, is a characteristic type of 
shadow microperthite with undulose extinction and very 
irregular boundaries. Oligoclase in smaller, but more 
regular and robust plates is subordinate to microperthite. 
Microcline-microperthite, clouded and partly sericitised, 
is subordinate to both. Quartz, in subangular to lobate 
plates, forms less than 5 per cent of the rock. Acces­
sories are mainly iron ore and apatite. The felspars and 
the amphibole of this rock resemble those of the syenite 
of the central plug of Zomba mountain, but the Zomba rock 
contains in addition variable amounts of olivine and 
pyroxene (Bloomfield op. cit. p.104).
Nchesera type. Although Nchesera lies less than four miles 
east of Lugwiliro, and the two probably form part of one 
complex, the syenite of which it is composed is distinctly 
different from that of Lugwiliro. At Nchesera the only
ferromagnesian mineral present is biotite, which occurs 
in clumps with iron ore and zircon. The predominant 
felspar is a rather coarse vein type of microcline-perthite 
in large (up to 5 ma) but very irregularly-shaped plates.
In much of this the potash-felspar is subordinate to the 
vein material, so that the microcline twinning is seen 
only in discontinuous patches or selvedges between the 
veinso Quartz is more prominent than in the Lugwiliro 
syenites, and in some sections exceeds 1 0  per cent of the 
rock. At one locality on Nchesera hill encrustations of 
a lilac coloured material occur on exposed faces of the 
syenite which spectrographic tests (by R. Mayoh of the 
Malawi Geological Survey) have shown to be abnormally high 
in Cobalt. This is unusual for Chilwa syenites, which 
according to Bloomfield (1965B p.110) generally average 
less than 10 p.p.m. of Cobalt. Although the Nchesera 
syenite does not appear to correspond closely to any of 
the Chilwa syenites that have been described from other 
parts of Malawi, on the evidence of its felspars it 
appears to be quite strongly sodic and to have affinities 
with the Zomba and Malosa rocks. There seems little 
reason to suppose therefore that it is of other than
3 6 6 .
Chilwa age, fout a firm conclusion regarding this must be 
reserved until the main part of the intrusion which lies 
to the south of the Fort O'ohnston area has been mapped.
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4) Minor intrusions
a) Introductory note
Basalts and intrusive dolerites of late Karroo 
(i.e. Storraberg) age were described from the extreme 
southern part of Malawi by Andrev; and Bailey in 1910, and 
in 1937 Dixey, Campbell Smith and Bisset showed that the 
intrusion of these dolerites was followed quite closely 
by the outburst of igneous activity of the Chilwa Alkaline 
Province, which commenced with a plutonic phase and 
culminated with the intrusion of a very varied suite of 
alkaline dykes.
The Chilwa dykes have not been observed to be cut 
by later intrusions other than those of hydrothermal 
calcareous and siliceous rocks, and until recently all 
minor intrusions of southern Malawi have been attributed 
to either the Chilwa or Stormberg episodes.
Bloomfield (1965B p.89) has however recently shown 
that in the Zomba area microgranite dykes occur which are 
cut by dolerite of presumed Stormberg age, and that these 
microgranites themsleves in turn cut dykes of micro- 
tonal i te. Both are clearly post-Basement since they cut
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not only charnockitic granulites, but also anatectic 
perthosites which it is here suggested are products of a 
late episode of Basement metamorphism. An occurrence of 
a minor igneous episode intermediate in age between 
Basement Complex and Stormberg seems therefore to be 
indicated.
Rounded xenoliths of microgranite occur in the 
Domasi granite, which according to a recent radiometric 
dating (Snelling 1965 p.35) is of 255 m.y. age. Thus an 
upper age limit is set both for the microtonalite and the 
microgranite.
Apparent age relationships of the minor intrusions 
of southern Malawi, together with the relevant radiometric 
ages where known are set out in Table XIV.
The late Chilwa Alkaline Province age of the 
alkaline dykes is well demonstrated in many areas of 
southern Malawi, where microgranites, quartz-microsyenites, 
microsyenites, solvsbergites, phonolites and microfoyaites 
all show cross-cutting relationships with syenites and 
nepheline-syenites of the earlier Chilwa plutonic phase.
Although quite fresh ophitic dolerites of Karroo
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TABLE XIV
Sequence of minor 
of southern Malawi
intrusives and a pre-Karroo granite
Approximate age 
m.y.
Time scale (a)
Alkaline dykes (Chilwa) 125 - 138 (b) Lower Cretaceous
Dolerite and basalt
(Storrifoerg)
2 0 0 (a) Rhaetic to Lias (c)
Domasi granite 255 (d) Lower Permian
Microgranite ? 7
Microtonalite 7 7
Basement Complex
(latest event)
550 (e) Middle Cambrian
(a) Geological Society of London Phanerosoic time-scale 
(Harland et. al. 1964)
(b)
(c)
Are probably later than C.A.P. nepheline-syenite of 
Chaone = 133 - 14 m.y. (Bloomfield 1961 p.99)
Are probably earlier than C.A.P^ late phlogopitisation 
of Kangankunde carbonate = 125 - 6  m.y. (Snelling 1963 
p.38).
Habgood 1963 p,15, Table II
(d) Snelling 1965 p.35,
(e) Tilley 1954 p,15.
370,
age, including olivine-bearing types, make up a great swarm 
of dykes that intrude the Basement rocks of the Cholo area 
(Holt 1953 p.12), some of those that intrude Karroo shales 
and sandstones 25 miles to the west of the Cholo area show 
all stages of soda metasomatism from fresh dolerite to 
albitised diabase (Habgood 1963 p.28), To the north and 
north-west of the Cholo area dolerites of presumed Karroo 
age, and containing biotite and hornblende, have been 
described cutting the Basement rocks of the Middle Shire 
area (Morel 1958 p.54), the Zomba area (Bloomfield 1965B 
p,93), and the Shire Highlands (Evans 1965 p.34), No 
chemical analyses of the unaltered dolerites of the Cholo 
area have been carried out, but Table XV shows that the 
only two Malawi dolerites that have been analysed differ 
markedly from one another in composition, and also that 
both are considerably more alkaline than the average 
Karroo dolerite of South Africa, and also more alkaline 
even than average olivine-free alkali basalt. Thus 
chemical evidence confirms pétrographie observations that 
the Karroo dolerites of Malawi are variable, and have a 
tendency to high alkalinity. Field evidence confirms 
that this variation and high alkalinity is an inherent
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TABLE XV
Comparison of the chemical composition of two Malawi 
dolerites with average Karroo dolerite of South Africa, 
and with average olivine-free alkali basalt.
Weight per cent
MSG KB 7 v B
754 166
t i .
SiO^ 56.58 43.53 52.5 46.77
13.15 12.52 15.4 14.65
3.14 4.33 1.2 3.71
FeO 6.03 8.38 9.3 7.94
MgO 4.64 8.98 7.1 6.82
CaO 7.61 9.65 10.3 12.42
Ha^O 2.59 2.75 2.1 2.59
1.57 2.20 0.3 1.07
H,0 105“ 6.34 1.83 — — 0.51
H„0 <  105“ 1.93 0.18
TiO^ 0.95 3.00 1.0 3.00
0.22 0.79 0.1 0.37
MnO 0.17 0.16 0.2 0.15
“°2
0.28 1.60 —
Total 100.25 99.90 100.00 100.00
Total alkali 4.16 4,95 2.9 3.66
CaO/total alkali 1.88 1.95 3.55 3.38
For Key see overleaf,
372.
MSG 754 Dolerite, f#aleko hill, south of Lake Chilwa,
Mianje District, Malawi, Anal. J.R, Baldwin. 
(Garson 1962 p.44 Table II),
KB 166 Ophitic dolerite. Commissioner Road, Zomba
township, Malawi. Anal. J.R. Baldwin 
(Bloomfield 1965B p.95 Table X).
A Average Karroo dolerite. (Walker and Poldervaart
1949 p.649 Table 17).
B Average olivine-free alkali basalt. (Nockolds
1954 p. 1021 Table 7).
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feature of these rocks, since it occurs in an environment 
where effects of alkali metasomatism associated with 
regional metamorphism are completely ruled out.
The pre-Karroo microtonalites described by 
Bloomfield from the Zomba area consist essentially of 
biotite, hornblende, andesine and quartz, either with or 
without pyroxene. The least altered have a doleritic 
texture, and the group as a whole are interpreted as being 
dolerites which have suffered 'light regional metamorphism' 
(Bloomfield 1965A p.79).
The pre-Karroo microgranites described by 
Bloomfield (1965A p.87) are microporphyritic to granular 
leucocratic rocks consisting essentially of biotite, 
hornblende, microcline, oligoclase and quartz. The only 
clear pétrographie distinction between these pre-Karroo 
microgranites and those of post-Karroo (Chilwa) age 
described by Bloomfield (op, cit, p.134) seems to be that 
the latter carry microperthite as the main felspar instead 
of microcline.
The foregoing account of the minor intrusions of
southern Malawi shows some of the difficulties involved 
in attempting to relate individual dykes to particular
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intrusive episodes solely on the basis of pétrographie 
correlation. All intrusives of the region of all ages 
have a tendency to high alkalinity, and the Chilwa 
intrusives vary from oversaturated to undersaturated types, 
with many gradations between the two represented. Where 
cross-cutting relationships with rocks of known age are 
revealed, these can form the basis of short-range 
correlations, either on pétrographie identity, or on trend 
direction, or better still on both. Long-range correla­
tions of this nature are however clearly unreliable, if 
not actuall” impossible.
In t e Fort Johnston area dykes of many types, 
although of en occurring in close association with one 
another, al trend in an approximately hM-SS direction, 
and paralie; with the main direction of the Rift, Cross- 
cutting relnuionships one with another are thus not 
displayed, and none were observed to cut any of the 
post-Basement major intrusives of the area. The account 
which follows is largely descriptive therefore, the 
petrogenetic relationships of the dykes of the area 
being largely a matter of speculation.
Examination of the 77 sections made of the Fort
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Johnston dykes reveals that gradations between all the 
main types occurs, and demonstrates the impossibility of 
precise classification. The range and variety of types 
invites comparison with the classic Scottish area of Ben 
Nevis and Glen Coe (Bailey and Maufe 1960) where an 
irregular intrusion sequence of Palaeozoic dykes includes 
microdiorites susceptible to juvenile reactions and grading 
to lamprophyric types, porphyrites ranging in composition 
from tonalités to adamellites, and acid types including 
quartz-porphyry, felsite and rhyolite.
b) Distribution and field relationships
Over most of the area the dykes are seen in 
relatively small disconnected exposures, or as trails of 
rounded boulders surrounded by drift; only rarely do they 
form features discernible either on the ground or on air 
photographs.
The single notable exception to this occurs 
inmiediately to the south of the Nankundu river in the 
north of the area west of the Lake, Here a series of 
steep-sided parallel ridges each a hundred or more feet 
in height run south-eastwards from the line of the
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Nankundu fault, against which they terminate at right 
angles. Outcrops of a swarm of grey porphyritic dykes up 
to 50 feet across occur along the crests of most of these 
ridges, but a few of the ridges are cored by a fine grained 
black intrusive.
In one locality only was a cross-cutting relation­
ship between dykes observed. This was in an isolated 
exposure surrounded by lacustrine drifts two miles east 
of Mauni mountain and one mile north-west of Kuluwinda 
village. Here a small dark dyke (microdiorite) cuts a 
larger pink one (felsite). The relationship of these two 
with a much larger grey dyke exposed nearby is not seen.
More significant is the occurrence of the only 
fresh dolerite seen in the whole area in a pass in the 
outer rampart of the Mangoche massif on its eastern side 
between the hills of Narabande and Chandamale, The 
dolerite was not observed in contact with syenite, but 
its evident close proximity to it and its unaltered state 
confirm that the Mangoche syenite is pre-dolerite, and 
therefore probably pre-Karroo in age,
Likewise the Basement age of the 1eu coper tho site
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of H i n d i  iill, and also that of îibungvæ hill (south-east 
of Mandimbc Estate in the Namwera area) is confirmed by 
the fact that in each case these are cut by a fine grained 
dyke of doJeritic aspect with chilled margins.
In 'ield appearance the dykes of the area are 
generally ( ither black, grey or pink. They are normally 
unfoliated, though a few have foliated margins,
Porphyritir varieties of all these three main types occur. 
Two outcrops of a very fine-grained green dyke of a type 
not seen elsewhere in the area were noted on the Fort 
Johnston-Chiripa road in the extreme south cf the area 
west of the Lake, These resemble the phonolites of the 
Chilwa Alkaline Province which are prominent in the Lake 
Malombe area to the south (Moser 1965 p.7),
The predominant dyke trend throughout the area is 
NW-SE and parallel to the main direction of the Rift, With 
only a few exceptions this direction is maintained irres­
pective of the trend of the country rock gneisses. The 
dolerite that cuts the Mangoche syenite in the Nambande/ 
Chandamale pass apparently trends E-W, but is the only 
dyke in the area which was observed to do sc. In the 
centre of the Hindi anti form a few fine-grained basic
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dykes cut the locks of the Lu tende gneiss group in a near 
N“S direction,
c) Descriptive petrography
:) Rocks cf doleritic aspect 
dealerite, diabase, microdiorite
Textures ophitic - sub-ophitic, some porphyritic.
Grain sizes 0 , 5 - 1  mm (of groundmass)
Minera1 ass emblages:
Essentially clinopyroxene-biotite-plagioclase
Commonly hornblende, quartz (less than 10
per cent)
Rarely or thopyroxen e
Accessories iron ore (ubiquitous), apatite (very
coivmon), sphene, allanite.
Notes s
In the field these rocks are distinguished by their 
dark, generally aplianatic appearance, though some are 
speckled with whitish felspars, and a few have felspar 
phenocrysts of u% to 3 mm size, Clinopyroxene forms the 
groundmass, but with the single exception already referred 
to of the dolerite cutting the Mangoche syenite, it is 
always altered to a greater or lesser degree to biotite and 
in many rocks is only present as relics. Hornblende is
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also a common alteration product of pyroxene. The plagio- 
clase, which typically occurs in well formed laths, as 
well as in phenocrysts in the porphyritic examples, varies 
from labradorite to oligoclase, a sodic andesine being the
I
most coimmon variety. Quarts occurs as interstitial patches, 
or as small globules associated with the dark minerals.
Iron ore is prominent in all types, and commonly occurs as 
disseminated skeletal and feathery growths, though some 
rocks are completely shot through with very fine iron ore 
dust which is particularly concentrated in the ferro­
magnesian minerals and masks their body colour. Apatite 
occurs as a tracery of fine needles in the groundmass of 
some types. Both the mineralogy and the chemical compo­
sition of these rocks suggests that they are dioritic 
rather than doleritic (Table XVI). Some types show strong 
affinities with the pre-Karroo dykes classified as micro­
tonalites described by Bloomfield (1965B pp. 86, 90) from 
the Zomba area.
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TABLE XVI.
Comparison of the chemical composition of two micro­
diorites from the Fort Johnston area with average diorite, 
and with a microtonalite from the Zomba area.
Weight per cent
2076 2626 A KB
1766A
Si02 49.98 48.79 51.86 52.10
12.37 13.72 16.40 15.61
^"2°3 7.651 6.22 2.73 3.04
FeO 6.991 8.48 6.97 8.27
MgO 4.05 3.64 6.12 4.30
CaO 6.80 6.98 8.40 7.28
Na^O 3.56 3.49 3.36 3.35
2.60 2.60 1.33 2.42
H^O "7 105“ 0.04 0.03 0.80 0.12
H^0<. 105“ 1.04 1.18 — — 0.45
3.05 2.40 1.50 1.28
^2^5
1.50 1.82 0.35 1.36
MnO 0.29 0.35 0.18 0.16
^°2
nil 0.46 “— 0.39
Total 99.92 100.16 100.00 100.13
Total alkali 6.16 6.09 4.69 5.77
CaO/total alkali 1.10 1.15 1.78 1.26
For Key see overleaf
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2076 Hornblende-foiotite-quartz-microdiorite. 
Lusangwisi stream at Mandimba Estate, Namwera, 
Fort Johnston District.
Anal. WoHo Herdsman.
2626 Hornblende-biotite-quartz-microdiorite.
Go 5 miles from Namwera on the Chiponde Road 
Fort Johnston District.
Ana1 o W .H o Herdsman.
A Average diorite (Nockolds 1954 p.1016 Table 3).
KB 1766A Hornblende-biotite-microtonalité. Naisi stream
south of Sakata court, Zomba District.
Anal. J.R. Baldwin. (Bloomfield 1965B p.90, 
Table IX).
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ii) Rocks of raicrogranitic aspect - microtonalite, 
microgranite, porphyrite, felsite, granophyre.
Textures porphyritic - microporphyritic
hypidioraorphic granular - micrographie
Grain sizes phenocrysts up to 5 mni„
groundi'aass C.l - 1.0 mm. Most commonly 
is about 0.5 ram.
Mineral assenblagess
Essentially biotite, alkali-felspar, quartz (over
10 per cent).
Frequently aegirine, arfvedsonite.
Rarely ho rnb1ande.
Accessories iron ore, zircon, apatite, rutile,
allanite, fluorspar.
Notes s
Brown to greenish brov/n biotite is the usual ferro- 
raagnesian mineral of these rocks and occurs in all but a 
few of the most leucocratic. A few of the more alkaline 
types from the region of Chowe village in the south of the 
area east of the Lake contain in addition to biotite, 
aegirine and alkali amphibole. Of .the rocks sectioned 
74 per cent contain microperthite as the principal felspar, 
which in the porphyritic types normally occurs in the 
groundmass and as phenocrysts. In the more leucocratic 
types the microperthite is often the microcline type. 
Although oligoclase occurs in 67 per cent of the sections
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excamined, in only 10 per cent of these doss it rank as the 
principal felspar? normal}y it is subordinate to potash- 
felspar. Quartz is present in all the rocks placed in this 
category, normally as a prominent constituent of the ground- 
mass, but in a few rocks it occurs also as phsnpcrysts.
Some of the grey dykes from the area north and west of the 
Ntaviiba/Chilole complexe consist almost entirely of spectacu­
larly complex and variable intergrowths of quartz and 
potash-felspar almost impossible to describe in detail.
All show acute strain shadows throughout, most are porphy­
ritic or microporphyritic. In some spherulitic intergrowths 
predominate in the groundmass, in others a micrographie 
texture predominates. A pink dyke of a rather different 
type runs north-west from Ntamba and is traceable on the 
air photographs for a distance of some nine miles, cutting 
obliquely across the strike of the gneisses and marbles of 
the Matekenya synform. This is composed of micropheno- 
crysts of clouded cryptoperchitic orthoclase set in a very 
fine-grained groundmass scattered with tiny flakes of dull 
brown to golden-brown biotite and granules of yellow-green 
to blue-green amphibole, a mineral association which 
suggests a genetic relationship with the Ntamba granite 
(see Section 2c (ii)) of this Chapter. Table X\7II gives
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TABLE XVII
Comparison of the chemical composition of two Fort 
Johnston microgranitic dyke rocks with two pre-Karroo and 
one post-Karroo microgranites from southern Malawi, and 
with average adamellite»
Weight per cent
r --------- -
i
2517 2527
r........
i KB
1799
KB
1766B
KB
1136
A
1 54.52 61.64 69.43 66.14 72.54 69.15
15.24 14.52 13.30 14.29 10.65 14.63
^®2°3 5.02
3.59 2.06 3.32 3.65 1.22
FeO 7.09 5.84 2.80 2.88 2.44 2.27
MgO 2.14 0.92 0.35 0.85 0.12 0.99
CaO 4.98 2.86 1.89 2.31 0.55 2.45
m o 4.11 4.02 3.13 3.51 4.75 3.35
V
3.38 4.66 5.60 5.03 3.75 4.5C
H^O >  105° nil 0.02 0.24 0.28 0.71 0.54
H O <  105° 1.23 1.03 0.07 0.04 0.14 “• *“
1.24 0.59 0.65 0.85 0.18 0.56
"’2°5 0.89
nil 0.16 0.29 0.03 0.12
Î4n0 0.28 0.26 0.07 0.08 0.32 0.06 1
CO 2 trace
. -,nil 0.05 !—  !
j
Total 100.12 99.95 99.75 99.87 99.79 99.92 1
- - - -4
Total
alkali
7.49 8.68 8.73 6.54 8.50
1
7.93 1
K^O/Na^O 0.82 1.16
1
1.73 1.43 0.79 1.38
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2517 Hornblende-biotite-microtonalité. HNW trending
tabular dyke, S% miles due west of Nkopola Hill, 
Fort Johnston District.
Ana1. W * Ho Herdsman„
2527 Hornblende-biotite-microadamellite. NW
trending tabular dyke, 2 miles west of Dowa 
hill, 3 miles south-east of sample 2517, Fort 
Johnston District.
Ana1„ W .H o Herdsman.
KB 1799 Biotite-hornblende-microgranite. Mile 7 Zomba-
Blantyre road. Zomba District,
Anal. J.R. Baldwin. (Bloomfield 1965B p.90, 
Table IX).
KB 1766B Biotite-microcline-microgranite. Haisi stream,
near Sakata court, Zomba District.
Anal. J.R. Baldwin. (Bloomfield loc. cit.).
KB 1136 Riebeckite-aegirine-microcline microgranite.
Outer circular road, west side of Zomba 
mountain, Zomba District.
Anal. W.H. Herdsman. (Bloomfield op. cit. 
p.135, Table DCXIV) .
A Average Adame H i  te (Nockolds 1954 p. 1014.
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analytical data for two Fort Johnston microgranites and 
a comparison with some microgranites from other areas of 
Malawi.
iii) Rocks of phonolitic aspect 
Textures aphyric, microcrystalline, partly spherulitic. 
Grain sizes less than 0.1 ram.
Mineral assemblagess
Essentially aegirine-augite, orthoclase,
nepheline(?) also some biotite.
Notes ;
Grey-green dykes of phonolite of the Chilwa Alkaline 
Province are widely distributed throughout southern Malawi, 
but are a rare type in Fort Johnston District. The only 
two occurrences noted, both in the extreme south of the 
area east of the Lake, conform both in field appearance, 
and in thin section, to published descriptions of the Chilwa 
types. Tiny needles of green aegirine-augite and laths of 
orthoclase, some of which is Carlsbad twinned, are dis­
tinguishable in the two sections examined of these dykes.
A few flakes of biotite were also seen, and nepheline, on 
the association of the known minerals, and by analogy with
other areas, may be inferred to occur in the almost 
isotropic glassy base.
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IV PHYSICAL GEOLOGY
1) Introduction
The most conspicuous geological feature of the Fort 
Johnston area is the Rift which traverses it, and the present 
Chapter presents a short account of this.
The faults which are developed along and within the 
Fort Johnston Rift zone are first described, and their 
possible relative ages considered. These descriptions show 
that distinct differences of style and direction of faulting 
occur on the two sides of this part of the Rift, and the fact 
that these reflect a marked local asymmetry of structure is 
noted.
Following this, brief accounts of the Lake Malawi basin 
and the landforms bounding the Rift are given and interpreted 
in terms of crusta1 warping.
In the concluding section the possible origin and 
nature of the Rifting is discussed, and the thesis ends with 
some comments on the possible significance of comparatively 
recent events in the evolution of Lake Malawi in relation to 
the present stability of the Lake and its level.
Figure 47
The principal ^  \  
Rift faults of th e ^ (  
Fort Johnston area
on
l/c o r rh-uofvra!
S e d im e n f a r y j  in - f i lh i
o f  M e  / ( i f f  Vo //ey
O .N .H i
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2) The structure of the Rift Valley
a) Longitudinal Rift valley faults.
On the cast side of the Lake in the extreme north and 
south of the area the main trend of Rift faulting is parallel 
to the main trend of foliation of the Basement gneisses and 
the fault pattern is relatively simple? a scarp and shelf 
topography is developed.
In the centre of the area, however, where the E-W trend 
of the Lutende gneisses and the Michelelo marble group runs 
across the main trend of the Rifting, an impressive example is 
provided of the power of pre-existing trends of foliation and 
banding in gneissose rocks to modify and deviate even such a 
powerfully developed feature as a main Rift fault.
The pattern evolved, although somev/hat complex 
(Figure 47) indicates a development of splinter faults of a 
type described by W.M. Davis (1913) as being characteristic 
of a major line of dislocation where lines of inherent weak­
ness run diagonally across the boundary of two tectonic blocks, 
This manifests itself in the formation of a number of sub­
sidiary 'en echelon' faults parallel to the main fault.
These result from decreasing displacement along one break
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being compensated by increasing displacement along a parallel 
and adjacent break. Thus although the total displacement 
along the fault zone may remain fairly constant, a series of 
splinters form a complex boundary between the upthrown and 
downthrown blocks. (See Fairey Air Surveys Nyasa Lake Shore 
Block B Runs 13, 14, 15 in which this pattern, together with 
some strike faulting, is well displayed).
Running into this zone of splinter faults from the 
adjacent area to the north (Sheet 1335 C4) is the Namizimu 
fault which forms a sheer escarpment a thousand feet in 
height and several miles in length. It cuts the Namizimu 
syenite on its western side (see Figures 43 and 47) and the 
adjacent Nambungo syenite. The two syenites are very similar 
(see Chapter III Section 3(c) and Table XIII), are both of 
presumed Cretaceous age and may be parts of a single intrusion 
The Namizimu syenite is strongly foliated parallel to the 
fault and encloses an elongated raft of gneiss with the same 
orientation. The Nambungo syenite lacks foliation in its 
exposed parts, though a marginal foliation may be present.
In the extreme south of the area the NNW-SSE trending 
Chembe fault forms the main escarpment east of Chembe village 
and cuts the Lingamasa biotite-pyroxene-gneisses showing two
390.
distinct trends of foliation (see Figure 19). One of these 
trends in the gneisses is IINVJ-SSE, but it deviates northwards 
round the eastern side of the Chilanga dome, and the fault 
follows this change of strike from NNW-SSE to N-S until it 
breaks up into a number of small parallel faults against the 
Matemangwe perthosite. VJhere it trends nearly N-S its line 
is marked by the deeply incised Lusalumwe valley, and by a 
zone of silicification of the gneisses. A fault block with 
its western corner just north of Malindi is bounded on its 
eastern side by this Lusalumwe fault.
On the western side of the Lake there is little 
indication of significant longitudinal Rift faulting.
Although the presence of some breaks in the Mauni granite on 
its eastern side dipping into the Rift valley has been noted 
(Figure 46), it has been suggested that the displacement on 
these may not be great since there is no trace of a fault 
scarp in the gneisses on this side of the Lake. Furthermore 
the pattern of lines of total magnetic intensity in the drift- 
covered area of the western Lake shore plain (Figure 25) 
suggests that there are no sudden breaks or discontinuities 
in the underlying rocks.
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b) Faults oblique to the main trend of the Rift.
V'Jhereas east of the Lake the predominant fault trend 
is NLW-SSE and parallel to the Rift, on the west side the 
most prominent faults run NE-SW oblique to both the Rift and 
the trend of the gneisses.
The most notable of these, the Nankundu fault, cuts 
dykes of doleritic and microgranitic aspect as well as the 
gneisses and granulites of the Namingundi group, and may be 
of quite large displacement, since it forms a well-defined 
scarp of up to 500 feet in height.
In line with the Nankundu fault on the opposite side 
of the Lake is the NE-SW trending fault against which the 
Namizimu fault terminates at its southern end. This fault 
is also marked by a well-defined scarp in the vicinity of 
Namizimu, and a lineament defined by the course of the Mpeni 
river marks its extension for many miles to the north-east 
into Portuguese territory. Although it is in line with the 
Nankundu fault and is parallel to it, it is evidently down- 
thrown to the south-east, whereas the Nankundu fault is 
downthrown to the north-west. If the two lie on a single 
break a hinge fault with an axis of movement beneath the 
Lake is therefore indicated.
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c) Interpretation of the fault pattern.
The NE-SW trending faults oblique to the Rift appear 
to be of two main types. These include strike faults of 
indeterminate extent and displacement (which are therefore not 
shown on Figure 47) which are visible on air photographs and 
have been guided by pre-existing trends in the gneisses and 
occur mainly in the zone of splinter faulting of the Lutende 
gneisses and the Michelelo marbles. These are clearly a 
component of the main longitudinal Rift fault system and are 
presumably contemporaneous with it.
Of greater significance are the major breaks such as 
the Nankundu fault which cut across both the trend of the 
gneisses and of the main Rift faults. Since the Namizimu 
fault is evidently displaced by one of these, some at least 
are apparently later than the longitudinal Rift faults. That 
these faults may be post-Rifting is also suggested by the fact 
that on the west side of the Lake the unconformable junction 
between the lacustrine drifts and the Basement rocks of the 
Namingundi group is displaced by a number of minor breaks 
parallel to the Nankundu fault (Figure 47).
The fact that powerful longitudinal faults are 
developed only on the eastern side of the south-east arm of
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the Lake, while on its western side Basement gneisses of the 
Chiripa plateau emerge from beneath a cover of lacustrine 
alluvium without significant marginal faulting indicates that 
the Fort Johnston section of the Rift is markedly asymmetrical 
in both form and structure. Since however the Chiripa 
plateau itself lies entirely within the Rift this cannot be 
taken as evidence that the whole of this part of the Malawi 
Rift is asymmetrical in form. This is a problem which cannot 
be considered without reference to adjacent areas, and it 
will be discussed in the concluding section of this Chapter.
3) Descriptive physiography
a) The Lake Malawi basin.
The area studied includes 285 square miles covered by 
the waters of Lake Malawi. On the Federal Survey 1:50,000 
Series maps based on 1960 data the Lake level is given as 
1,550 feet above sea level. This is an average figure however 
as the seasonal variation is of the order of 3-4 feet. There 
is also a long term variation which has amounted to 21 feet 
in the 70 years of recorded observations.
The basin of the south-east arm is shallow. Lake 
Nyasa Hydrographic Survey charts (surveyed 1953, printed by
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the Government Printer Salisbury, Rhodesia 1963) shows that 
the maximum depth in the area studied is 250 feet and is at 
the centre of the basin in the extreme north. From this 
point the basin gets progressively shallower southwards, so 
that south of Nkopola the depth is never more than 100 feet. 
The overall shape of the basin is fairly symmetrical, but 
extensive shoals have been built up by some rivers. The most 
extensive of these are the Ndoka shoals formed of detritus 
deposited by the Mbwasi river. Here the water is less than 
ten feet deep over a mile from the shore. Many of the shoals 
are visible on the air photos, and can be seen to have quite 
sharp boundaries beyond which the water gets suddenly deeper.
Lake Malawi's only outlet, to the Shire River, lies 
in the south w&st corner of the south-east arm. The fact 
that this was closed by a natural barrier in the years 
1915 to 1937 has already been referred to in Chapter I. The 
mean annual discharge is now of the order of 10,000 cusecs. 
The outlet channel v^hich is founded on alluvium is unstable 
and changes annually slightly, both laterally and vertically, 
and shows evidence of having built up in recent years (Pike 
and Rimington 1965 Fig.26).
Much of the shoreline of the Lake is marked by shallow
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lagoons and marshes which support thick growths of reeds, 
these lagoons often being bounded on the Lakeward side by low 
reedy sandbanks. Only in the few places where the shoreline 
is formed of we11-consolidated deposits such as stiff clays 
are cliffs developed, and these are never more than 3-4 feet 
in height. Thus the general character of the shoreline is 
typically that of the youthful emergent type (Johnson 1919)„
Prevailing winds on the Lake are from the south-east 
(the 'Mwera'), these often reach gale force and have had an 
important effect in shaping the coastline.
Conclusive evidence that powerful longshore action of 
waves driven by these winds has transported the coarser 
materials deposited by the major rivers near their mouths in 
a north-westerly direction and has built them up into sand­
banks is provided by the fact that the only extensive beaches 
of the area lie along such sandbanks, situated immediately 
to the north-west of the mouths of major rivers. Notable 
examples are Palm Beach (the site of an Hotel) north-west of 
the mouth of the Namingundi, the sandspit forming the east 
side of Nkudzi bay north-v/est of the mouth of the Nankundu, 
and an even more spectacular example on the opposite side of 
the Lake where the bay and lagoon at Kadango are bounded by
396.
a mile long sandy bar built up in a similar manner by material 
brought down by the Lutende.
b) The Lake-shore plains.
Deposits of the Lake Shore plains, which are up to 5 
miles in width, consist largely of fine buff or grey silts, 
though some clay bands are visible in cliff sections. South 
of Lake Malawi near Ntundu village the Shire cuts through a 
shelly band, but the main bulk of these deposits appears to 
be unfossiliferous. Although many raised beaches occur they 
have been so modified by later erosion that they are normally 
difficult to detect on the ground. Levelling carried out 
across the western Lake Shore plain from the foothills to the 
shore line failed to reveal any significant changes of slope 
which could be correlated between adjacent traverses. Fossil 
beaches, spits and sand bars are frequently identifiable on 
air photos however. An interesting pattern of north and south 
facing shore lines between Lake Malawi and Lake Palombe is 
thus revealed (see Pike and Rimington Figure 27) and Fort 
Johnston itself is seen to be situated on a sand spit between 
the two Lakes. The Shire at present flows to the east of 
this spit, but that it evidently at one time discharged west
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of it is shown by the fact that these shore lines are 
truncated on their western side, and that parts of an old 
westerly channel are still visible. This is the more direct 
course to Lake Palombe, and no very great rise in Lake level 
would cause the Shire to resume its old course as the 
alluvial flats along it are nowhere more than a few feet 
above the present level.
The fact that many rocky hillocks rising from the 
Lake Shore plains are fringed by deposits of notable 
radioactivity also affords evidence of fossil beaches. The 
effect is due to reworking of colluvial material derived 
from the hills themselves by wave action leading to the 
concentration of monasite and other heavy minerals in them. 
In many localities these form deposits of possible potential 
economic value (see Chapter I).
Along the edges of the Rift valley all the rivers 
discharging into the Lake are deeply incised into lacustrine 
alluvium (the Lusalumwe cuts a gorge 100 feet deep), but the 
permeable nature of the alluvium quickly absorbs much of 
their flow except in times of flood and so destroys their 
erosive power. In their lower courses the streams are thus 
less well defined and carry only a seasonal flow.
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At an altitude of approximately 300 feet above the 
present level of the Lake the alluvial deposits of the Lake- 
shore plain merge with colluvial deposits derived directly 
from the Basement rocks that flank the Rift.
c) The foothills of the Rift escarpment.
The marked asyimaetry of the Fort Johnston Rift and the 
fact that high ground occurs on its eastern side only has 
already been inferred in a discussion of the faulting. Below 
this high ground bordering the main escarpment in the area 
underlain by the Michelelo marble group lies a fault block 
which, although somewhat dissected by splinter faults of the 
main Rift shows a distinct backward tilt towards the main 
escarpment, and the accumulation of a considerable spread of 
colluvial material in the re-entrant angle so formed. There 
is a southerly as well as an easterly component of tilt to 
this block, so that from the point where the Basement rocks 
emerge from beneath the alluvial cover north of the Lingwena 
stream the ground rises steadily northwards. Most of the 
rivers draining the high plateau to the east have cut their 
courses across this block and so may be partly superimposed, 
though the Lingwena itself is diverted round its southern end.
Figure 49
The main escarpment of the eastern wall of the 
Rift and the south-easterly tilted fault blocks 
below it. Namizimu mountain on the horizon at 
the centre is bounded on the west by the scarp 
of the Namizimu fault. At the left of the
picture
fault.
seen the scarp of a NE-SW trending
NE from the hills east of NdokaLooking
399.
The drainage of the block itself reflects its southerly tilt 
however, so that all consequents flow south to the main 
streams cutting across the block (Holt 1961, p.26).
d) The highland plateau.
Lying to the east of the Namizimu fault and its 
southern continuation in the zone of splinter faults is the 
high plateau of the Namwera plain. The altitude of this 
plateau ranges from over 4,000 feet in the north-west to 
about 2,500 feet in the south-east, so that the same south­
easterly tilt as that shovni by the block lying between it 
and the Lake is indicated. The tilting has led to an 
incipient rejuvenation of the landscape to the north-west, 
while in the south-east the landscape remains mature and the 
Basement rocks are covered by residual soils and in the 
region of Lumeta village in the extreme south-east, by 
spreads of lacustrine alluvium presumably derived from Lake 
Chiuta, whose nearest shore at present lies 15 miles to the 
east in Mozambique. The area mapped forms the margin of a 
widespread plateau which is regarded by Dixey (1942) as 
being mid-Miocene in age, and which extends for many miles 
into the adjacent Nyassa Province of Mozambique.
Figure 50
The southern end of Lake Malawi and the Shire 
outleto The Lake-shore alluvial plain is in the 
foreground, the hills of the Chiripa plateau on 
the skyline at the left and the granite hills of 
the Cape Maclear peninsula in the far distance 
to the righto Looking NW from Chiuse.
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e) The mountain masses.
Rising from the Namweras plateau are a number of 
prominent peaks, mostly resistant masses of syenite standing 
out as residuals resulting from preferential erosion of the 
surrounding gneisses. They show a rough accordance of 
summit levels, but most of them assume a conical or slightly 
convex form without levelling, although Nchikalo in the 
extreme north of the area (Sheet 33/1I) is flat-topped and 
provides some evidence of a peneplain above the present one 
which might be correlated with Dixey's (op. cit.) pre- 
Cretaceous surface.
Namizimu, which dominates the main escarpment above 
the Lake, attains a height of 5,462 feet, while the highest 
peak of the area is Nsondole, 5,894 feet. Ndela, Mapalamba 
and Nchikalo, forming a group of mountains in the same area 
are all over 5,000 feet.
Further south the altitude of the highest peaks 
diminishes, and this partly reflects the southeasterly tilt 
of the peneplain, but is also partly accounted for by the 
fact that the intrusions of which they are formed are less 
massive than those further north and offer a less resistant 
bulk of rock to the forces of erosion. In this area Uzuzu
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attains a height of 4,363 feet while its neighbours Gome, 
the Matemangwe range, Chinyamoto and Ngoinbe are all between 
3,900 and 4,200 feet.
The Mangoche massif shows remnants of a highly 
dissected plateau at an altitude of 4,500 feet, on the most 
extensive relic of which Fort Mangoche is situated. This 
surface, although 500 feet lower than the mid-Cretaceous 
surfaces (Dixey 1956) developed on Zornba and Mian je mountains 
80 miles to the south, can probably be correlated with them. 
Mangoche peak, rising to 5,715 feet from this plateau 
probably represents a residual bevelled in the late-Jurassic 
to early Cretaceous. The N]<u y a - Chandama 1 e range of hills 
which attain a maximum of 4,592 feet (at Nambande) on the 
east side of the massif and separated from it by the Nasato 
valley probably represent similar residuals which have beer- 
down faulted with a segment of the main plateau in post­
er e ta ceou s t ime s „
f) The Chiripa plateau.
West of the Lake the alluvial plains rise gently and 
merge with the eastern flank of the Chiripa plateau at an 
altitude of 1,850 feet. This is the only part of the Chiripa
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plateau which lies in the area mapped. Considered as a 
whole this so-called plateau lies entirely within the Rift 
Valley. It consists of Basement rocks on which the depth 
of weathering is not very great except in the south-west 
where thick residuals occur which merge southwards with the 
alluvium of the Liwawadzi valley (Walshaw 1966). The 
watershed areas of the plateau show an accordance of levels 
at approximately 3,000 feet, but locally residuals, the 
highest of which, Pirilongwe, rises to no less than 5,093 
feet, produce a very varied topography. According to Pike 
and Rimington (1965 p.39) the drainage pattern is radial, 
so gentle upwarping rather than any definite tilting of this 
surface seems to be indicated.
4) Conclusions
a) Possible origin and nature of the Rifting.
Dixey (1956) has maintained that over a large part 
of the East African Rift parallelism of Rift faulting with 
gneissic foliation reflects a fundamental parallelism of 
orogenic trends from PreCambrian to Recent times. Thus the 
existence of a Precambrian proto-Rift Valley is inferred.
Work in the Fort Johnston area shows that although
403.
two trends of foliation running NNViJ-SSE and NE-SW occur and 
two separate trends of faulting do indeed run in the same 
two directions (compare Figures 19 and 47), nevertheless the 
relationship between the two is far from simple. Some 
modification of the NNI^ t-SSE faulting by pre-existing trends . 
in the Basement is indicated , while the NE-SW faults 
apparently cut across pre-existing structures. Only in the 
extreme north and south of the area east of the Lake is a 
straightforward coincidence of trend of foliation and 
faulting described by Dixey as being a typical feature of 
the Rift demonstrated.
Nevertheless, as has been pointed out in Chapter II 
Section 8(c), the existence of alkaline plutonism of 
Basement age which it has been suggested may be a product of 
a special form of sub-crustal melting typically developed 
below zones of relief of load and therefore of incipient 
Rifting, may indicate the existence of some kind of proto- 
Rift in the region of southern Malawi.
Du Toit (1937 p.255) suggested that the Rift Valleys 
of Africa represent tensional fractures resulting from 
continental drift initiated during the break-up of 
Gondwanaland during Mesozoic time, and in a recent review
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of the geographical and geophysical studies of the Rift 
Girdler (1964) has confirmed the tensional hypothesis. If 
a proto-Rift zone does in fact exist, and Du Toit's view is 
correct, then either an incipient break-up of Gondwanaland 
in the Precambrian is inferred, or the Precambrian Rift was 
fundamentally different in nature from the post-Jurassic 
Rift.
The problem is controversial, so that although it may 
be noted that similar trends of gneissic foliation and of 
later faulting and the persistence of alkaline plutonism from 
the earliest times are notable features of the Fort Johnston 
area, it cannot be definitely asserted that the association 
of these is necessarily more than coincidental.
James (1956) has pointed out that the term Rift 
faulting has been used to describe two distinct tectonic 
styles, i.e. block faulting and trough faulting. Block 
faulting involves the tilting of segments of the land surface 
about a central axis producing an asymmetric structure of the 
Basin Range type. Trough faulting on the other hand involves 
the downfaulting of a strip of the earth's crust between two 
simultaneous vertical faults. James' suggestion that in 
Tanzania trough faulting, which has taken place on a
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restricted scale is mainly of Quaternary age, whereas block 
faulting which affects all Rift systems is of at least two 
ages, i.e. pre-middle Cretaceous and late Tertiary has been 
confirmed by recent work (Pallister 1965, Dundas 1965)„
If the basin of the south-east airm of Lake Malawi 
alone is considered (Figure 47) easterly tilted block 
faulting (see Figure 48 'The Fort Johnston area' part of 
the section) would seem to be indicated, but if the entire 
cross-section of this part of the Rift Valley is included 
(Figure 48, the Ncheu-Balaka area and the Fort Johnston 
area) the whole of this southern section of the Malawi Rift 
appears as a graben which has been downthrown between 
parallel faults. True trough faulting thus seems to be 
indicated, and the role of the Chiripa plateau becomes less 
clear. The radial drainage and apparent lack of general 
tilt would suggest that it represents an upwarping of the 
valley floor. The occurrence of a boundary fault on its 
eastern side west of Lake Palombe south of the Fort Johnston 
area and the occurrence of alluvials overlapping onto its 
south-west corner suggest that some block faulting may be 
involved also however.
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b) Evolution of the Rift
Dixey (1956) has written at length about the 
evolution of the African Rift Valley, and has in particular 
(1942) traced the georaorphic development of the Shire Valley 
of the upper section of which the Fort Johnston area forms 
part. The sequence of events he describes explains the main 
features seen in the Fort Johnston area, and it is beyond the 
scope of this work to repeat his conclusions in detail. A 
general summary of the history of the Malav/i Rift is given 
in Chapter I „
Concerning the more recent history of the Lake Malawi 
basin it is interesting to note however that the emergent 
shoreline, the occurrence of raised beaches, and the erosion 
of lacustrine deposits by rivers flowing into the Lake, all 
point to a comparatively recent and rapid lowering of the 
Lake level, or an upwarping of the Valley floor. Which of 
these factors is mainly responsible is not evident from 
studies of the Fort Johnston area alone, though dessication 
of the Lake due to climatic factors would presumably cause 
some upward isostatic adjustment, so the two may act together. 
Closing of the Kariba dam in Rhodesia and the filling of 
Kariba Lake caused a raarked increase in minor seismic
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activity in the area, and suggests quite rapid adjustments
of the crust to change of load.
As has been indicated, the regime of Lake Malawi is 
delicately balanced, the level has varied greatly even
within living memory, and the flow down the Shire river has
been subject to wide variations. If the long term trend 
continues the flow must eventually cease altogether? the 
Lake would then become entirely an inland drainage basin.
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